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. . ,  mentioned  whenever  high  quality  CRT  display*  a™  di*qu&sad,  Not  just  a  tube, 
but  over  a  dozen  distinct  tubtf  CortfiguretionSr  all  having  the  same  314  square 
inch  display  Surface  with  160  inch  radius  &f  curvature- so  close  to  flat  thaf  we 
and  tho  information  d:  splay  wmihunitY  ceil  ItTHiE  FLAT  FACE  TUBE. 

A  dozen  different  lubes?  At  least  I  Imagine  ell  |he  wojfcahte  combinations  of 
these  design  features : 

S3  and  70  degree  defection  angles 
EtectroEtaiic  or  magnetic  locus 
1000  to  2000  line  resolution 

Efectrostalrc  or  magnetic  auxiliary  deflection  fq#  alpha  numerics 
Duel  neck  and  rear  projection  Conli&UFfllions 
Optional  laminated  implosion  protection 

The  outstanding  capabilities  of  THE  RAULAND  TWENTY -TWO  are  duplicated 
m  our  family  of  TWELVE  INCH  and  SIXTEEN  INCH  FLAT  FACE  TUBES.  Also 
available  is  the  TWENTY- FOUR  INCH  FLAT  FACE  TUB£-the  world's  largest  flat 
face  display  lube.  Our  TWENTY-TWO1  i-s  the  Standard  ol  performance  and  quality 
in  large  PPt  andi  seen -convened  radar  d- splays.  An  advancing  information  display 
technology  is  accepting  RAULAND  FLAT  FACE  TUBES  95  lha  look  of  quality 
where  looking  really  counts. 

The  next  time  you're  talking  CRT  displays,  invito  us  id  join  the  discussion.  Wa 
don't  comptomise  on  quality— Why  should  you  F 
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Laser  points  the  way 
for  world’s  longest  electron  beam 

The  frrst  powerful  dcsrr  of  ateclrons  to  pulae  down  fhe  nar¬ 
row  (Ifl  mm}  5-m lie  pn,lh  benealhi  the  Slanford  hills  was  right 
on  Sargel.  Tills  had  been  inured  by  a  parallel  beam  -  from  a 
Speclra-Phy^cj  cw  gas,  laser  -  establishing  sllgnmenl  wilftln 
hall  a  millimeter  over  the  tnl.il  length  pi  thp  Stanford  Linear 
Accelerator.1 

The  laaer  radiplpo  continuously  down  no  evacuated  60-cm 
aluminum  lube.  iho  bSSif  Sopp-Ort  girds*  for  lh$  ecoalerelor. 
Alignmoni  may  to  chocked -oven  during  sccoieraior  opera¬ 
tion  -  ar  any  Of  277  Uirgof  points  along  t*ao  (ubd'S  longlh.  Sim¬ 
ply  by  rpwOr  in:j  a  prgsndl  loto  into  position  wilhin  the  lube.  A 
dW*otlon  system  at  the  far  end  is  oapabio  of  resolving  a  sums 
til  Q.QfS  mm  at  the  selected  large!  point. 

Without  the  laser  system,  convontiooel  align m-ent  tech¬ 
niques  would  have  been  uncertain  or  impractical,  find  some 
oton  impossible*  The  Spectre-Physics  Model  US  hokum- 
neOn  gas  laser  used  in  the  system  is  sfOsOribPsJ.  along  with 
six  other  lasers  cl  advanced  SlabNila  designh  in  a  now  color 
brochure.  For  your  copy,  write  us  at  1256  Terra  Bella,  Moun-- 
fain  View,  California  W&SiD.  In  Europe*  Spectra-Physics,  S.A., 
10.  rue  Samt-Pierre.  Box  145, 

1701  Fribourg,  SwIlrGHand-  |  |  Spectra-Physics 


I.  Sv  M  iPBhT  *-rni*iF  Lr  «’  J!!aln 

l  "rifi*  CewiiMiofl. 
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JUIOEIMTIOH  DISPLAY,  SimCMbiR/ocroMfl,  :96a 


■  HiERE'5  A  HtXSE  THUS:  l FOft  UNDER  S3.  NOW  THER 

ER  Iff,  JWOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  & 

*  UNDER  Si,  NOW  THERE'S  A  NIXfE  TUBE  FOR  UNI 
FOR  UNDER  S3.  NOW  THERE'S  A  NfXIE  TUBE  FOR 
ts  A  NfXIE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  A 
3ER  J5.  NOW  THE  RES  A  NIXIE  TUBE  FOR  UNDER 
A  NfXIE  TUBE  FOR  UNDER  1J.  NOW  THERE'S  A  Nf 
y  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  $ 5 .  Nf 
THERE S  A  NtXlE  TUBE  FOft  UNDER  $9.  NQ  W  THE 
}R  UNDER  SSr  NOW  THESES  A  NfXIE  TUBE  FOR  I 
HERE'S  A  NIXIE  TUBE  FOR  UNDER  S3 .  NOW  THE? 
t  UNDER  $5.  NOW  THERE'S  A  NfXIE  TUBE  FOR  Ut 
iE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  A  NIXIE  * 

40  W  THERE'S  A  NIXIE  TUBE 

WOW  THEftCte  A  MfXiE  TUBE  WJ*  UNBER  AS 

?A  NIXIE  TUBE  FOR  UNDER  _ _ 

IR  15.  NOW  THERE'S  A  NIXIE  TUBE  FOR  Kih. 

A  NIXIE  TUBE  FOR  UNDER  S3  NOW  THERE'S  A 
t  S3,  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S3,  . 

IRE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  a 
IXIE  TUBE  FOR  UNDER  $3,  NOW  THERE'S  A  NIXIE  TUBE 
*  HERE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  a 
**DER  $3.  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S, 

*RE$  A  NIXIE  TUBE  FOR  UNDER  W,  NOW  THERE 
m  rNDER  S3-  NOW  THERE'S  A  NfXIE  TUBE  FOR  Ut 
j  A  IBE  FO*  UNDER  $3.  NOW  THERE'S  A  NIX, 

£R  S,  T  ^XtE  TUBE  FOR  UNDER  S3.  N 

HERE'S  'NDER  S3,  NOW  THERE*S  A 

jrR  UNDER  NIXIE  TUBE  FOR  UNDER  t 

UBE  FOR  UN*.  f FA  A  NIXIE  TUBE  FOR  UN 

..  S3.  NOW  THERE  -  FOR  UNDER  S3.  NOW  THE* 

JRE'S  A  NIXIE  TUBE  Fu,.  A3.  NOW  THERE'S  A  NIXIE  T 

UNDER  15  NO  W  THERE'S  A  NIXIE  TUBE  FOR  UNDER  15-  WO  I# 

BE  FOR  UNDER  S3,  NO  W  THERE’S  A  NIXIE  TUBE  FOR  UNDER  f # 

,  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  A  NIXIE  TUBE  FOI 
■I ft  S3.  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  THERE 
'  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  THERE'S  A  NIXIE 
R  UNDER  S3.  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  N' 

~>W  THERE'S  A  NIXIE  TUBE  FOR  UNDER  IflL  NOW  THERE'S 
-OR  UNDER  S3.  NOW  THERE'S  A  NIXIE  TUBE  FOR  UNDF 
OW  THERE'S  A  NIXIE  TUBE  FOR  UNDER  S3.  NOW  T 
"OR  UNDER  S3.  NOW  THERE'S  A  NIXIE  TUBE  F' 

~  TUBE  FOR  UNDER  $3.  NOW  THERE'S  A  F 
^HERE'S  A  NIXIE  TUBE  FOR  UNDER 
NOW  THERE'S  A  NIXIE  T** 

-  ""****  ■"  — 
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Etcit  iE  i*’  Qur  all-ncw  |MIXlE  rube — the  indturtri-'s  Uyw^l- 
owt  eketropic  rtadpyt*,  and  i-r.e  rg  lusher  in  o  whole  new 
jcncrif  ion  of  tow-cost  di^tiil  i  nstriimciiiUtijon. 

Bui — don't  In  mitkd  by  lit  low,  com.  Ii1j  ad  NIXIE 
lubo — in  name,  in  •dtHgft,  in  conslmctiCQ,  in  performaiioe,  ett 
quiLiiy,  in  lon^.  i  tixibk-tin:  iift. 

linpOfraor  rc.i  design  ami  n^aaiufijCtLiring  [cChniques  have 
naude  Jfiw  prke  powible  Now  chwfc  the  importFwil  new 
kniurcs  shown — il Mj  male  Ihe  new  NIX  EE  luhe  more  fune- 

lional  and  eaiiier  fo  VW. 

The  new  NIX  EE  tube  Type  8-J+40  h  avaitahle  mow — from 
s-kxk — K’lh  from  the  factory  and  from  Hurftrijfhi  Stae^ing 


ITe^rers  across,  ihe  country. 

Eteforu  you  freeii  *  new  ilesign,  before  you  CMtuiiiE  youj- 
company  so  a  costly  and  irreversibly  ujieconooiical  poiitlpn, 
toll,  wire  or  write  for  iampl»  lit  prototype  quanliticq. 

Remember— she  tow  £051  s?i  ihe  new  NIXIE  Cube  Type 
R.544Q  pmluif-s-  cpnsideraition  of  other  lypes  of  numerical: 
Te^doutisuch  rs  eleclToluminescenl  Hud  projection  type*  where 
cost  i?  a  major  fictcr.  Get  a  red!  NIXIE  rube  nith  real  N1XIE- 
lube  petfonmance  and  accepiabilicy. 

Use  the  reply  card  fnor  Cull  irsfncmaiinn  .:sfi  the  new  NIXTE 
tube  and  Camplere  re adnut-upplicHf f;>n  is (n  nap. 

it  wruilfes  of  ICW. 


Only  £1 1  i-r^-.T  1 1  g  A  j  jwumx/aArBu^i  S'lXiE  Tube* 
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ALL  NEW  DIGISWITCH  1967  CATALOG 

irtcfadmg  pew,  reduced  pfic&  fist 

Now  the  most  complete  catalog  on  thumb-wheal  switches  evPr  published, 
,&  yours  for  the  asking,  (t  includes  descriptions  of  sill  t?lGl5VrtTtld  hhd 
MINISWITCH.  thumbwheel!  switches,  technics  deta  on  each,  (mth  table? 
shyw.na  epd-esand  elecldcat  output  configurations  available,  dimensEpnaj 
blue  prints. pf  each  model. si-a  ndard  peiformance specifications,  ndw  revised 
pnets.  ordtji  blanks,  plus  general  information  such  as  typical  applications 
find  birtSry  reference  tables.  Copies  will  be  mailed  free  dl  thafa*  with’ 
cut  obligation,-  Use  the  coupon  'below  or  call  your  Bifii  triin  represent.*  I  itffi.. 

THE  DIGITRAN  COMPANY 

A  Divaiem  Cwpajahirt 

fj  655  Seulh  Arrpyo  l^jrH^py,  Pasadena.  OelilOTila 
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l:£t  MAXIMUM  till  ppt  n  lil 
I  hr  MINIMUM  ii'ACE  WITH 
THE  SEftlES  ME 
ILLUMI-hATED  PLT3H  LIU  T  1 0  N 
BWirCH 

W.rl*  Ctiatca  -nr  tla-cl-rlcal  Lh  hr.i-:- 
1.  ia-riali-i  i.  -f'-ny  lr>  InaEjII  ,ind  wJra. 

5pK''y  SPOT  w  4-POT  i*-^ -Ktion  w'«4»s  In 
nromenifliy  sr  +i:prji*lc  acl  on,  «  In  ™wn- 
Wy  e-tflpn  w.ii*  cd>i.  Lamp  ci'c^^s- 

i'TCA**  IS-,  I?,  w  Z-B  vdII,  ty  UK  aP  nwin  i?ts 
115  wi|  Mount  r^om  Iht  Gn*et  Irani  UE-nc 
nwwntfiTe  Pw-rti.  Ha  brKtats  cr 
torcrwBr*  Lo  show  from  tf*  pa^et  Irani.  All 
i ■:■■  '’■  -*3  is  &i  near  Iw  easy  -i'irj.  iin-.r  iwr  ir; 
pan  twfflsirt  500  plaiaa.  Each  Defminal  Hill 
x.  1.  (■  f:  I  I  Ml  *  SO  Wirf-5. 


2  9  man,.  liinctlannl  tlyilnR:  wllii 

.11  n  rim  u  in  I  ilferm  atlon  diipTfry 
>  IvjLMnd  *rP*. 

i>hiui  Irflm  bUfK  of  grey,  suridArd  Ssns 
'bld<  ri  im  1:  pliaW  full-view  ICPi.  DOt'i  C^'t-r  rB 
ir.ii  1  ir  -  if?  Meend  am.  Lqerkix  can  oa  in> 

c  ’.iik^  »i!h  i^rjr  LTiinr  ,  ,  ,  Alkl  !  Ih'k  Aft 
r^rru1  rnnr+-.TH|  !p  w  Mi'A.mrl  m>.ir  w.I.V 

-Mil  f'lnLiHE  For  iMS-ijri  esi^t'is  In  p#^wl 
lftrO<'.  meunt  unrii  in  sJk.j  w  ma!- 

rit«.  Srawth,  -j noli k r^jclM  srticsipevrnileiiKe- 
grtxjpiPff  l&r  rwoiimum  -coFilr-ol  m  minima nv 
j  11.1  tie* .  Two  lair  a  illuminal>4r  (>a  .  aes  lor 
iKHi.  '.i-sii!  or  veriiul  r^nlii  display  or  Iwo  oaky 
lull  -ah^iiay.  &ei  t»lyd-pwd:>n  rai  ab  iny  in  y* 
(tw  1  jii  aii^Lar  iwo-uraa-  cacriiian. 
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by  kusielE J,  Hmildin - - —  .  .Page  34 

Pltsftllj  n  billed:  (fiiOKKtl  of  iBM'j  grlflw  dhplfty 
jyFtCfTl,  il?  fijwratum,  and,  iti  caju!-:  ■  I  ic-5. 

Recording  Media 

by  H.  R.  Lmj-cflbcig  -an J  R.  L.  Kiaehn - Page  41 

Pkykwj  diipiet  on  this  infk  jh  lire  Look.  Display  S jls- 
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y“*  «  tiid  !l»  nt*  Vi  in  mi*  portTVyii  q\  cdanii^  h#dl 

in^irfl  Irtd  Ihe  ■ernWri'n  *r  Ih*  Sflrttj  W  |nF*tm*H*n  □upltp.  Artist  Gawgi 
■u'j>?n.  n|  TBtf  Ardondo  Btadt  Clli^nii.  ut»lrt<n.  ii  M±  main  iJluMratit>nii 
c&'cref  i-epyiductiou  at  cclHiitl  ME'ivmtt  {nrlrapini!  aid  B»1un.  site  dl  1h4 
?lh  Kitiixul  $yftpofr.A  dI  lit*  $IC.  Ii  ahliithli’t  lh*  lo^-i  is  lta  Dnidal 
SID  ^pTnbfti.  b*inK  "jirti?  *vi. able  at  Ih*  $pipgejL>Ti  In  inefiinE  silver  w>th 
t*i#4  blue  te-imri.  fimer  ts  »  tit-tKk  rum  w  »  «  fiandud  pn  atop 
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Now...  save  programming  steps  on  every  plot 


ihKMMAriOH  BISPLMT,  5SPT[MKB/0CWMi,  tOu  bnim  Spre*  C.rd  **  * 


EFFECT  DF  PRODUCTION 
DECISION  ON  INVENTORY 
WITH  FORECAST  SALES 
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ACTUAL 
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,i  y- 


Before :  4^0  program  sleps.  Now;  Before:  10QQ  program  sterps.  Nowr  700 


CANAL 

CROSS  SECTION 
AND  CONTOUR 


Before;  600  program  stsds.  Now:  £00  Btforc:  54  program  slops.  Now;  14 


With  me  new  Mliga  OlpjlaU  Ploli-ng  Ssritvm,  ysu 
culpul  only  lt>r  nnrl  ppmU  rn  lin*ai  up  Id  47  * 
leng  —  Ui«  pWlpr  flGHEi?  Ihe  rfl*t  ,  ,  ,  wllfi  ft* 
m*rtan*iaFl  er-  cn*  {VJCtlda'4  rvirm.il 
accurj^Tf.  Ttrt*«  is  Ae-rtu1  &  swentf  lift*  Sub-iau  lire 
Id  earr^HJle  the  ienglh  d  n  line!  Reiull:  reduecd 
conpuler  pn^grafnining,  raducad  eompDlEK  ol  Ipjt 
llmff.  rtducffd  pKrtlliftB  llmfl. 


The  MilgD  GPS-6  ineliadei  a  Chdi£4  Ol  oH-ime 
teaderp.  plus  e-lhor  a  vesical  dr  hdrixtmLil 
pli?ltfr.  And  Ihfl  prowidfii  lar  all  iLjndnrd 


digilAl  Bip4Jt3  plur.  ftlraighl  .na'ag.  h  accents, 
•n.igr^l  n  taprs  rncordr:d  in  mthe1  napped,  gn^lnsn 
or  lung  record  rgrmaL  An  oplcan.tl  earn  ataragir 
bUlftr  ilHh»*  up  to  10.SW  fii«  tHSl*w*n  g*pp. 


$«fid  Ter  n  brix  hi-  r^-li.-II  i?1  «Wlt«anal 
leaUrp';  on  llr  M-'^o  DP£-$.  WriM 
w  call  HilgD  ikKtrdnic  Corp^r^^ip* 
71»  N.W.  Sflth  Avtfiufl.  Mia^l.  Flpridi 
33147.  Pbw  a&4ftl42&  TWX 


Why  I  EE  rear-projection 
readouts  make  good  reading 


Nat  Ibr  lei  nil  of  rctfi!  ymi' ri  curl 

uji  with,  on  n  rainy  high*-.  Itol  a  mar* 
Impnrta.aE  kind  If  yan1*#  deiigniug 
rquijHMnit  that  equine#  dis 

piny.  Unatni  iA  ihut  EPF,  rridmuls  nif 
Ih*  mart  reddlbk  T«dwto  around.  If 
jouVt  ®e#h  itwhft,  yn-u  know  this  [□  be 
Idt-E.  If  yau  haven't  an  yvt,  hrro  is  x'hy 
MJr  PHflffUtfl  makr  inch  good  LTadins  : 


StHGLi  PUKE  rRESINUnO« 

Nfi  vLiil*J  bash  *f  tUUlttl-fUtk^  fi-la- 
mrnti.  FEE  readout e  *i*e  minialure 
rdir-jirojccteiTR  that  iji#fi|ay  the  rn- 
quisthi  zn  I'M-agr  ?,  i lft<  M  *  time,  nn  a 
an-n.jflu.re  viewm#  fltr-ppa.  Only  the 
an-ssjijTH-  that's  "Oft*1  13  tfiaibk. 


Since  INN  readuuu  cm.  ilisjil-ay  n r-y- 
ihihjf  that  e*:i  he  puL  an  Aim,  yail'rM  not 
limited  tn  thin  wire  filament,  dotted,  Qt 
aeg:ftvltrr-il  digit*.  Order  ywai  llll-  eead- 
auLs  wiih,  fai:i-li*T,  highly  legible  char- 

artej*  Ihn  L  meet  human  f actara  a  ad  M  il 
Spec  rt^UL^mentf-  TJiis  wcELon  Ircift 
ObrAamjile  type  ihcct  gives  ytnl  an  Ld.e* 
i*f  llw  atylss  ivnilnlLe  that  nfFar  c?pti  - 
mal  nSrAhej'widlh/hiriglit  ratio  far  j^hhJ 
legibility.. 


UUMID  BRIGHTNESS  FED  HTHJU5T  IWID 

The  ehirt  View  1*  a  rrasonahEr  far- 
rtmile  Ol  characwp  hraghtoMi  ami  haw 


st  arTeer*  raid  ability.  The  b&ckj?round 
14  eoristant,  but  the  l  nghl  itOte  i  uervas** 
■fVisirt  loft  tb  right.  Van  can  draw  yaul? 


ijwn  ■riiihfliLF.i.ii:i1  armed  with  the  fa-tc 
that  IEE  H4dbu|*  give  you  up  la  3HJ 
ffrflt  lamberti  of  brigtitaen*.  Hiiflitrwa . 


bimerer,  iafr't-lFwi  wd*  faflt»r  ia  judging 


readability.  iSacJgvuUnd  CORtriPt  is 
HtualLy  iiupoitfctlt—  a  fact  wa'v^  jiffl.u>- 
Luted  Vl-nw,.  jeaiiing  from  left  l*  Jafifht- 


ObvfaO!*3y,  brightness  without  contrast 
Of  vie*  vtr*f!.  dchfsn^  da  much  for  read¬ 
ability.  A  baton  e#d  r*tw  uf  bath  give* 
ycrt!  ibe  Cri  »p  legibl  ht-y  of  1  EE  readout*. 


IEEF*  unique  eamh-inatmu  of  iingle- 
plane  prcijg«;(.luri,  flat  viewing  screen. 
ljfttolUHd  T*tliO  bt'ijfKtPMh/f^ratraK. 
and  feigh  bold  chAhieterK  thnIw-p  fur 
wiftt-anprlr  dA-hity  ftnd  tong  winning 
dhl-Tincai-. 


OTHER  WAYS  IEE  lEADDUTS  HAKE  CODD  SENSE 
A*  if  the  BOM+ckir  sroflftAhility  of  nur 
iwlflutj  wK&pen'S  JsnotigJi,  horo  trt  n 
few  ]rt4A0ftA  why  ]t!U  IWfld^utA  nuilce 
g H h 5  K-hrv  In  other  Utu: 


P#C451if  our  roft-rtoyti  W  l*rnpt,  lenses. 
Almk  &R«i  *  Krtfll,  \hf>y  cun  ft|.*.play  1st- 
tT«%  frliythsng  Ihflt  enn  hfl  put  on  film. 

Thst  mwiua  Iw^f  y?  tb  n*™*t|* 
podtlffll  with  faith  |i?fldcsut  to  liisplay 
Any  t«mbi7tatkn  of  lottor«h  wurd*,  num- 
iH-.-:i,  symTiuli,  iir.il,  ovari  eolerri! 


FIVE  SIZES  10  PICK  F*Qm 


IEE  readAUts  ftjffW  com*  in  five  rtiEs 
prawidirg  musimiam  cTwrracIfP  heights, 
of  ^  I *,  2Tt  and  &  Thn  imiaLleat 
il  ihe  iK  W  Se^ir  c  'U0  rcadabl  L  h  ft 
ah  ly  H  K  4i"  W.  yet  can  bu  rad  fVCtfrt 
30  -away,  Thfl  Eargcrtr  the 
80pi*cltarty  kiflhl*  from  100  feet  aWiy, 


EAST  10  Off  RAH 

IEE  Teadautu  hlc  iv&ilftbl#  with  solt» 
age  lequ  i  rementA  ft'flEh  ft  to  6A  iPo|tsr 
depeadingan  lamp.i  IpACifltd-  CwRTWHffrj 
cial  or  115  lamps  map  bA  u'WcL  with  up 
t>n  rill.ilKVi  hour*  n-f  opciation  per  Luihp. 
l^ampfiinLay  be  rapiiLly  Teplacodl  Without- 
toolp  sf  *uy  l(ind. 

Our  JMiiopto  espeeato  from  straight 
decimal  input  or  will  ewwpt  eivnvcn- 
f Lanai  binary  cckI*!  *  hcii  ueod-aritli  IEE 
lm'-coyreal  driVAy/d«udfRfe 

¥<n  mose  prtnJ  why  EEF.  nsii.prifrjec- 
liuii  n-Msdinifl  uViik»<  gi^f  leading,  send 
u»  yoiif  inqdfy,  Ybu'll  *»  for  yauneJf 
wfhy  tbey've  fo±n  iftfthipjftJw  bi'st  seller 
list,  year  afte  r  |Hrl 
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4^-1'  ;Aii,vS‘t>  Cfl 
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nmniHH 
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mu 
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CMW 

WBintHtit  ELcnroHies  m 

41  H^da#-  Unw 

4JJ-7»-nU 

l-:-it-?'i.  QMfeK 

WHitTJL.^*  4|i  iJf»hiU  LTB. 
r  g-  to  tit 

111  Ml  ]«0 

WHrrW4E?tuCTrsmG5  LTO. 
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W4IH1MEI  ClCflflflHiet  Lib 
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<hlKlll.yATIC»4  Cr&pLAY,  S£>TEttMH.- CKTgMB.  inu, 


Let  us  prumey  ;iuh>  41m1  E9T49- L'DftO  rr;i  :.nil  'Jmv.  i !.■  I r  4Mi 
v. "li.Lt  Cj"p4 ,h  uf  cl isgai  iy  cti  vicT^  -iMi I  sy.sCi-ins  niijrhl  47s i- 1 .  Snell 

bMuUtfon  nyiy  4|kdn$c  it  number  tsf  t^t-Uinip;  4ri:lmicil 
dnlki^H  wTifrti  vtxntli.1  nF  s  iEi»«:r  iii  dirct-Nftg  our  kup;- 
rriti^e  reward  I  ,id  dirvrkijliueril  eifilrts.  In  iKirtinllcu-,  ]r? 
tiS  ixniMcler  fiilurv  ; 1 1 [  1 1 1  .  1 1 i  1  :■  1  .=■  cil  4k%p];n  tre  liii::l,:.i;y  I41  Cite 
limne,  iHLsiiH''-1-  .1 1  :i J  ”i:.',  ^mriiiuil  4,rivii4iiuneikl.v. 

JmaijirL-  sitliny;  in  V4iiir  JwcTIC  In  fnjftt  R  d^pbiy  sr-rw*i,ii 
enjnyin^  vkisnl  rtpcesj  l(v  MH-jor  lihnuws,  inilvvmit^1  cb^ 
rotffts,  art  ccnir  i'i  -riP<E  musAiuGi  af  the  uwk.t.  PiuRranitiiUsc 
wunsldl  U'  tTKiiplotoly  .ft  yfUJi  khhuihL  Hie  4l17pt.1v 
i|i|>i’.i r  in  Tull  lxiIut  anil  p5wwis  ]rl Inigrngilua  ipi-ility.  1 1 1 1 . 1  - 
l^iuc!  laLin^  a  visu.d  ■.-.ic^Chwi  cFimugn  iinr  ewg  Nalinn.il 
(Fart;s  .  witFi  I  hr  cflCTKTfl  UlMiff  >ihi  f  ncirlHil,  \dd  (ItfW  dp 
mcns-ksiMil  vtewirre  and  'you  are  thctc1'  ,\  h^mr  displny 
of  Ihls  lyp<  YLUiild  t»f  truly  ;i  "Windwon  tin*  World".  The 

wihf  4-4>iilcl  provide  j  Iclcvfwd  lilhirir-  -vrvk-it  and 

reprn5i?n4  a  1  ■  1 . 1 1  •  1  r  maw mic free  ul  v.l"Higj[iing  Icit  all  famr.  nf 
ImiL^chnhl  nmk 

|n  the  1«n\ini,-54.  cnvfnHLirirnt,  Eniic‘]i  Ilis  Iuvis  wrirtMi  r4‘- 
gjifdiiif'  llie  utiltly  4tf  computed  dieplaya  F^r  rnktin*  m*n- 
iii^c'ineTiC  coni  ml  and  rapnl  retri'^al  -ir'ftE  diiSftrtiJLatkiri  uF 
sricnliFie  :isf.-mi  .tvin.  An  Hi.pi  il,  :f  ihiI  jiii'.Mit,  un[Md  cciuJd 
Fw  '.'n.i-iJe  hy  .ap’sl  1  il  ■■;:!. l\  Irc-hiMiliiLCy  l>s>  njutuie  ImvIiH'vv 
Fuiit-rion^.  For  fltjimplcv  iiiKisiiic  on  p-utofnntad  purdmlng 
fur^-tkin  In  liii  b  llu  tiicr  tsftildC  tllftl  directly  hi (to  any  nuin- 

iif;LLfurer^3  cuCaln^,  rlrci runic. illy  Lurn  tlie  pu.^es,  ielesd:,  Hudilr 
iiiul  s ;- ■ ! !  vi'illiin  j  frv.  mhoiiiIs.  SmuiTarty  mnsiclrr  tin*  ii]siitic  j- 
ciofi  of  dispby  tfchrwlofg)1  to  n  uartnmrtfc  or  pth  wrfld-wtdlc 
Ic'ttvr  lYAJisrtLlmal  rervtce.  Huy  ever  EwtwiAlnp  flnw  of  fkiper 
WOflt  fnan  |ierv.in;il  le*ttCrri  Uh  bkLili'n>SJ  ;mm!  ^VAiiunOiit  hjct- 
rMfKi(y[43nrc:  w>  virtu jlly  EiBee!C£itA.te  a  niiiil  syvlmr  whwriri 
no  paper  |4  physi rally  transportecl. 

The  mtiftfliy  G-ciiiiiiTiarxd  and  control  cufilrn  rtf  the  future 
wfil  fi'.icuii'  Full-totor  nln.i-lil^Fi  resolml Ii ui  dlfpbj-'i  of  nif 
Ik  iv  lit  bri^TitnP74  fur  viev-’inj^  1  nutter  nomm]  ainljii  at  l;s;hlri:i 
'JIimo  rent-i'Tf  vrilt  Fie  i  1  '■  t  ■  - 1  ■  ■  >  r,  11  a-.:  - 1  ■  -  l  L  by  a  ^ncif  IcL-vi'icL'  «:<iii|- 
naiirvfcatkon  Mteltito  syisb-m  for  intercliaiipe  ml  IhjiL  Alplia- 
imntfio  and  Itl^h  tloFinNfon  v  idoo.  AJlhougli  *iinputu  drfvan 

4Jevp!;iYl  ivilF  fHTl.isnh  Ix1  4>F  t nriCiiiiui;g  i-.ilue,  future  ram- 
rn.ii.d  dispL.ys  vi-'ill  .iIxj  iH'nnil  real -time  vimvin^  of  rnrhlary 

This  capability  could  avoid  mksiriicrpraatSofli 
uf  crania  and  contribute  one  snore  :-ifegij;i-rd  tn  \Vortd  peict. 
A  T-vVrin  pernLillin^  r.ipiil  crt-i  1.1II  Lvvnhi..4trci7i  of  VVoiFd 
events  v-'oolcE  n  11  lunger  l:ni-  eonshfend  prcroKaltvc  iif  hfgh 
lev-cl  milli.iry  pertotuicL  l?ut  im  ifttldfpbn^ili'lG'  load  of  a  ntnd- 

rrn  miliCarv  4>r^imi7itticiii 

It  ii  opponent  tlml  ni.iiiy.  if  ikiE  .ill,  of  TFh'ki1  'AVlihJi-vl-  ■:i:m 
the  World"  dibpla)  jytlrms  will  be  implcitientect  .sinne  5vr 
enn  aToondy  7-lt  many  of  iIm-  <iwnpnririit^  and  "cob  pyx  terns 
rtx.-eiviuyi  bUirtiMi-%  deVeJi^lmeht  cETbtL  T.dEli'J-wfdebiind  ilp- 
lic.il  tranmission  cFiiljvikEv,  H.-^p-ififr  i>f  slim  ill. uuUnksly  Innis- 
uiitthiu;  all  televb4Kiii  hrnade>ifCs  in  Nhtw  Ymdc  filly,  have  IhxmE 

INFOlWiJLEtCih  DiSrtAf,  SiFrtWhta  .Kro«H.  rte* 


Hf-JtinnFlratcrl .  I'lirtb  cxuilrHsl  nf  .1  ti  l.-5  i  -ina  Laincr.s  un  Flic 

moon  Is  -a  renlily  rind  satolPito  ttonanfesinn  nsf  ftmrvcnhicmal 
tfbvbim  Is  an  es'crydfiy  occurrcttiK  Crmputery  wfib  uji»- 
‘■Hi’-iid  cfimputing  Sillies  .ire  nL  k'ii>t  in  t1»<*  dePi^n  PtAgB.  Ific^'h 
s-piwl  fjrsimile  Iriirixmitsfrin  4if  eniin1  IxhiLn  li.ix  foeeil  5Et'ra- 
oivKtoted.  FiurthcrmHot  adviinra?  io  iKi^iphy  e>  (ini  tSi-- 
way  to  4hr«'  (bneiulmil  di«plays.  There  ,iro.  kjwever.  iwsi 

erilkrul  an  os-  svhttc*  des  ic.-4'  clc".  H'lnfimi  11 1  fun  Ijg^ed.  *1  Ifijly 
liij»]t  rt-vnhiiinii  mnnm  lircmkit  or  nxilnr  camera  is  a  iniuau-R 
llnlt-  due  in  ijo  rt  to  <1w  adnpifon  <^F  the  53S  line  44-Fr s  iskin 
standard.  TFir  aocond  dc’.'fce  doralopnint  wlijcli  is  even  fur- 
tFier  Fiehliul  ii  the  ;df  ini]>ort.itiit  display  dbvite.  A  mah"^ 
hrH'akcliTSHLjTli  is  iimkil  Id  pm- -rain1  ultra-la^b  ri  -1. h  1 1  i ■  ■  1  fall! 
•cnliir  displnys.  We  c-.m  ms  li  ifigei  W.'tth'  feir  iniiKii  pgTfnimaTiee 

Improveftienls  Ihtsed  on  Bfelnq;  Icduficjiicc.  Uls.nl  iv  ibce<|pd 
Is  F:u  gjvatei  rtrsearel.  r-Fforls  In  eiplow  hiulli  m-v.’  nnd  old 
phyilcril  pheiK#neiia  ^pjilk-fthlo  t"  display  goimljoii. 

"Wildow  E-m  clu-  i*  -1  (crinnlcnl  -rliaMi-ujitv  T3ic-  nerds, 

to  be  met  iby  research  ate  apparent.  Hx  betieftls  Ui  fmdividii.il 
uiEinlHTS  4if  Oiir  noCMv  ia  Llticis  nd  h!--uiis  liiYIO  At4  h  It  Fes. 
oiIiie'.iExhi  nlefn-riM1  uf  unr  4 4>iujl n.-  and  improving  Oiir  lksiii- 
□my  are  rif  inmnc.ixiiraldr  value.  IjM  iis  H’orh  Hoalriliuti-  vli.it 

v*t  esn  Eiceording  10  our  lAlenEs. 

DR.  G.  J.  Cl  I  AFAR  fS 
NnHlkaart  RegHSiiaJ  DirE-rtnr,  SID 


GePflgf  Chnfari*  11  a  nn  ruhiv  rijf  (hr  .1frif>..-yJar4fKi  Glraprf'HT 
of  tfa?  Smk't-,  ffiir  TnforriMil'IoTV  Display,  tic  it  aim  a  AW  A 
4-itsf  Hr^r^klT  Dfri'Cfor  C'f  rbr  ftw  ii  \\f  Dr  Chafarix  rrv.  ii  -  d 
AA  dfj'^ni-i  fritm  jii«  f  'jiii  r  r^fjp  of  U'l'.tWi'tJt  Pi  JQ-M, 

FJf  f Fir'll  fnsnrti  (Nr-  l/ii  ,iiF(tihii'-  Atomic  Dfl)f& 

lfAfl4‘  Ai-  |p-(it  r’n^pr'Ei1  1J|  (Ac  H'Jr '.rva  d.nd  tirvflnpmt  nf  ttf  i.Jr. 

L  tiiinj  fw  JHiicf car  -toff  jrarjw«w. 

Fa  is-fff  Nr  Ju-ptn  CntEfrjrf^  rttofN^  4l rl  rbi  l?nfU4'frffV  of 

(il/fnaLii  riTH'iCinjT  riiir  ,tFSJ-!F  n ml  FflD  Jrl  JSJ7  eJKhI 

rc-jpeeifprifff-  lV'NJr  at  thr  r  rjiji-,  v.Tiry  Nr  «fj'  a.^otiitti’d 
Mith  thi  Befornofl  m  e  avjAr*rjir  ami  eras 

ui'.tr.i  a  teaching  tmteattl  in  fNr  DppBrfmfof  of  EFcrfrtad  fm- 

jjinrf’rrriir. 

F11  Fr?vF.  Di.  t'Jmfnrvi  pined  f  jriu  tul  FN'-riJrfr'j  ICN Y.-Iruflfir-S 
FyjJ"hnfflpprp  ul  .Syrrji  i|Ai  .  A'i  ir  YrirJt  u'Nrn  In  ■  11  rf  ui  wil- 
iktik’H-rf  di-zotopmt  ut  nnif  aptjjsffrfl'Flpn  of  fltrtfmk  *1010^0, 
dhfftmj  ami  imaninp.  th-viEPt  to  cwnmcrciBf  nnwl  mfttafy 
(1  mi.  in  I&ftf)  fw  f.taJfi'.fii  fl  ilu  I .tlfkirtiitmt  t  DrJfh  FtrcWnF- 
inj»  rim!  hixjiiay  Sriharctam.  Av  jrjrr™>i]iT  47/  rFjPT  ^rr.urp,  Iih- 
fi^AilTir-js  o'tH’HTffib  fftifl  rA'wlnjWie*lJ  -eui  nsrw  rr-j'-iiri-JiriL;  fitui  dv, 
jildif  device*  omi  ififlriHS  bmed  on  thermoplttitk-.  t\il  film 
rffrif  phatofi/tijihic  media,  ffc  hokh  fibre  prsteeJ*  in  wm«l- 
ri^r  irmf  jfrvfi-Ni.y  tfurf  h  rt  mrrtjfhrr  of  StgrJId  Xf,  Eta  KcfpfMT 
,Vijf  17 rui  IKF.E. 


U 


The  CONTROL  DATA 9  2*3  PtewJtt  Mti  Dti- 
play  Cm  Oeiivrr  Tfifa  AWhtf  i>f  Ptlto  4 1  TfM  ft4f*  tf 
One  Ha<dcepy  or  Twenty  35  m*.  Fnffitt  Pvt 
Second  Using  on fy  9  Few  Second*  df  OWw-bJer 


NO  JOB  FOR  A  NOVICE 


You  Noed  Vorsal'lil^.  Thu  260  flirt*  yOu  126  diiPlrtftL  alpli-fer«unri4«ic thArAtdirt 
arid  apftool  aymbols  in  Four  sizes  arxi  uplHfr  a*id  Itwor  C4»  Vc-u  c*il  r&L*l&  Uhlrrt, 
iloliuzu  [ham  or  c  h-inge  Ihcir  inLen-aitiAs. 

You  Wood  5  pood.  The  260  can  prve  ah  avc-i-eii  i-  Pf  33. OK  coni  m  jol  i  hnes 
dc  200  ,000  paints,  par  stcord  It  can  display  alpt>in  jmc-'ic  s  Pastor  than  Htv  high- 
ipood  mechanical  fins  prireletf  working  fuM  Iitio 

Ydu  Gel  Ccnrputar  Time.  Th«  260  operates  at  campLlaz  spe-edb.  Require* 
minimum  cpmijMJcqr  cimn.  H-grenuier,  it  Jim  ice  own  special  Addrc&saibto.,  hjfleied 
mamocy  th«1  flan  «Crf*  progum*.  prcicen  lopantive  data  and  rafiwh  d.fpl.iyg, 
baking  a  Hifttf*  wortifead  0#  (l*i  Hcgmpuwr. 

Eaaa  of  Uh-  Prepflr  hartf^-pr*  d^lgn.  net  only  ^tfert  ItoKibilic,1,  but  eases  pro¬ 
gramming  chor«.  n  Yk*U,  You  C*n,  usa  la  mi 1  ar  Ipngnipet.  WcJi  *5  FORT RAN  And, 
f>iwuirirm  keybPardl,  lipM  furuj.  lumenon  keys  end  ne^kballs  are  Suitable  L;j 
help  wnh  di*  h*id  work. 

UK*  Mure  |n  t|i  rrn^l  fort  f  WA'rt  LiSI  it,  All  **  H-OiiiJ  If  y  o  i  j  i  tornsi  dr  phene  call, 
A*kif^{)  for  iL  Oept.  LL  96, 


DATA  mmv  DIVISION 


CONTROL  DATA 


RHorr  k ,  ifi  1 3  j  eai-d&SO 
JMCl  |  NORTH  FAIRVIEW  AVf „  FT.  ftJILfk.  MINNESOTA  56I1S 


CORPORATION 
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iMFOftjUJkNQM  DISPLAY,  SW'THttEH.fOClCHK ■»,  'i’m 


YOKE  SPECIALISTS 

COMPLETE  LINE  for  every  Military  and  Special  Purpose  in  PRODUCTION 
QUANTITIES  or  CUSTOM  DESIGNED  to  your  specific  requirement. 

*  Yflhes  Nr  all  W\  Hi",  1ft*  and!  2W  neck  *  Special  designs  iw  color  displiys, 

dia,  CRT's-  ‘u-nly  a  Tc-w  riprcsETitatjvB  typej  „  „  ....  .  ...  ....  a 

are  iiJuairatBd  ^  available  mm  series  aiding  field  da- 

.  ,  r  i  \  Si  ,  .  sign  or  with  p^F^lil el  (buehirtgj  field  dasi^n. 

*  Core  matertals  ta  suit  your  rcqiiifemefits..  * 

*  Special  test  instrument*  can  establish  your  yoke  dePIsctinn  parame-ler^s  Id  an  accuracy  Of  ziO.1%. 

i  ID  CGH  VCt.ES.  1 

f&CUJ  coins  Tur  1-  V: 

FN  VOLUME  PRODUCT  101 
-  ¥I1  itaw,  r*  ^iih  ryd 

I|Ya  ’  ntVLiry  JtCTi:4fe(iiYt.  Eni;, -+Sf- 

rl  S«iri:c  krk-'iiWs.  ii4;u 

dtsicii  lb:  til  !«(Rs  J*  vidi- 
oon  a  i  n: :  u.J  i  n  ?  « 1  h  t  ftLl  41:  s-:  *£<tj  i 
fnijyielie  tSellKIiM  iftti.  F« 
fy-l  taehnctl  reL.-iil 

fibilogpap. 

ANT|-PiHCUSHIDH  OfiJCES, 
Jf  hM  PM  Ui  EM  lyffs 

I3  EhiT.  ^tlftC^TiwrrKftiolcir- 

rL  TO  turf  ditiyiifrJ.  Tiitf  Pi1  f«r- 

\jffl  mjnErtL  rttfrtft  arfli-bifttub-Yfln 

H-Mmyy  itquUeiiWfiulrW?.. 
r..„  -t  wcuditi  smill  spKt ...  eiiily 

JdsuSltb'f . ...  «sjfili  C'-JW!l< 

vn  stthdtrd  iokes . . .  trt:  idle 
■r  ift  is  wUe  eftnfot  sr  miijiMt 

V  ^renjiv-t  min  |i£-5  telefr'rti 

m  JT-  Type  Pi  elicinmiftittiic  cat 

infi-pifKUShiSfl  as,Sf.*!&ly  £ll 
wfTni|!i  pf «ten  eMilfu^Joii 
t i  ■  r  b ij  %  !1,jilff»i.oansfr.srnirinl  ptrfl 

pfyiftipftil  Fb  K  ■  iKtihisil 
dtttiis  rrqurtf  WaKi  [Ngt. 

m 

QflP 

TWEETER  TORE 

Ter  1 W*  steel  del.  CRT's. 

//''  Fw  ffAeribriE  thJfKlffi  in 
iff/  »  dit  r^mwic  dijpiiys.  trTiteti« 
'&*  b!i4  stile  Guitry.  EllniniSM 
fKlr-sstHHt  didSe  ptitn  fn- 
qi**tKy  rwii  up  !o  10  ^ 
-ilh  1  Oil  |£-.  FdHulMttHniul 
ditn'-s  rfqyfsJ.eitj^g  pagi. 

Trj-  fjl  Mf 

-QffHERKft  Op  r=  *6  .  1  r . 

■MR  Ifl'  nr.STi' 

ly  £>iiV[l!Eiri  L  nqlpk 

STITlia  TORES 
for  l'.n  ’  n«k  fli*.  CRT  -s. 

FSr  NbB  diirbdr  swwp  *s- 
p']y:  Olht;  J.:]‘:r  vnki- jp- 

p‘.ca!.ans  *r&  at‘e  wi|A  hij.h 
rffwienc'/  pq?Ji  .|arl  wiKdng^ 

MINIATURE  PRECISION 

^TSi  ENCAPSULATED  PUSH-PULI 

Jhl  YOKE  for  W'  ml  d  lt.  CRTi. 

Brailtblf  in  *ide  rio^  t*  iim. 

V;-  ITFfhtMITt^wlfld'fiji  !«■  folfi 
Imygcr  ^ivirs  iw  VKuum 
lubf  [ifiuds.  Fe^tu'&s  eiecUi- 

_  _. .  filly  ti  fi^ad  windii^s  ^ilh 

iil^l  sqm?  StllediM  itfeflmtrt!. 

j  «  t™  i^r.-'tr  cr  fte 

*  u  d  iti  rdUftM  fy  pr«i« 

*****  CMitfilttqrL  E^flLyffttt^Jjj'tl- 

m  13  taimtiJild  -trt- 

tifCflnwflt.  F«  tui  le^flirsl 
*lfH,  i-queti  f+if. 

M&-  COMPACT  RCTATihi 

COIL  YOKES  tgf 

tjSjghr  iM^-A*ctfe.T:itrt 

F^r  Radar  P1»".  P:i :  :n  :  r-itcj-  1 
IB  i  Wf  1b  rd  »'\  elhef  rtlilini  ceil 

M^ff  Jp-pTtgfcrrJ  ?r|iLsblf 

with  ik  efi  csnlfinj  ^qitSj  Cam- 
pf«ic  ii  il^Tiinum  ^usinj  cnn> 
TW<  m-R  iHto  11  ^  dofieriion^H^irpri^l 

UP  w  fl!  114  79 '  "P*"-’-  *!« 

iii  i-.r  -  Jnfl  fctJr  -  j  »Tjf  imb,  jflioa 
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Data  Display  Devices 
p  from  Raytheon 


JCflEfGtfE JJLMNOPQftSTvy** 
>l<ta«(t ►  -  ■ 


The  press ntati-o n  you  see  above 
w.'ls  gen  firmed  by  a  Symho-lra/" 
Cathode  Ray  Tube  identical  to 
the  one  lying  on  Ihe  console  A 
now  type  of  monoscope,  the 
Symbolray  -can  generate  alphanu- 
meri-es  from  electrical  signals  for 
cathode-ray  display  or  for  har-d 
copy  print-out.  The  preservation 
here  is  -shov/ii  on  a  Raytheon  tube 
(CK141-5-J  used  in  a  Raytheon 
D I DS-4CK3  d  isp  lay  system . 

An  tconumitsl  method  of  gener¬ 
ating  characters.  Priced  at  less 
Ihjra  $1  CO  in  quantities  of  1,000, 
tha  Symbotray  provides  a  mpre 
economical  method  of  generating 


electronic  displays  than  using 
large  numbers  of  circuit  cards. 

The  output  Of  the  Symboirsy 
■operating  as- a  monoscope  is  ob¬ 
tained  by  electrically  deflecting 
the  electron  beam  to  desired 
characters  ontha  target  and  scan¬ 
ning  (ham  sequentially  with  small 
raster.  The  display  cathode  ray 
tube  on  which  this  output  is 
viewed  is  scanned  i  n  synchronism. 
When  the  Symbolray  method  is 
used  in  conjunction  with  buffer- 
memory  techniques,  full  mas¬ 
sages  can  be  displayed— as 
shown  apo^e-The  Symbolray  tube 
uses  electrostatic  deflection  and 


focus,  and  it  nva  'able  in  designs 
with  64  and  96  character  mat  rices. 

Raytheon's  wide  range  of  Dala- 
ray*  CRT*  cover  the  screen  Sizes 
from  7  to  24".  Electrostatic,,  mag¬ 
netic  and  combination  deflection 
types  are  available  for  writing 
alphanumeric  characters  while 
raster  scanning.  Raytheon  also 
offers  combination  deNection  or 
1 'diddle  plate  "types  and  all  stand¬ 
ard  phosphors.  Or,  Raylheora  can 
meet  your  special  CRT  design 
requirements. 

For  more  informal  ion^or  a 
demonstration  — call  or  write  your 
Raytheon  regional  sales  -office. 
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New  Raytheon  Projectorey-1,  Tube  pr-j. 
dueo*  mpre  th^n  double  the  light 
BUlpMt  Of  ll-pfldB-rd  peaj0Cl«0ei-lypfl 
celhode  i ray  lybae,  The  tube'*  lighl  out¬ 
put  is  SE.OtJO-icot  liinlbiprtA,  which 
results  in  ft  lighl  level  of  15-loal  ! an- 
berts  on  a  B‘  x  B'  lenticular  screen 

The  tube's  expected  n-n  nijn  gppr> 
iiiijig  life  is  SCO  hfji.rs  -  20  time*  ihe 
life  oF  &  ifarKfard  projection  lube. 

The  Pntjeetoray'e  high  light  culpul 
■nd  leiVfll  life  ere  due  la  its  navci 
design.  Thu  design  incG-rpDra.Les-  liquid 
cooling  of  the  phosphor  bnckpinte. 
This  al  ows  Iha  phajptigr  to  be  -g-ncr- 
giiod  iWifh  a  v-nry  iiitamiC  olcctr&n 
ba-ern.  At  high  beam  level*,  very  hiflfo 
peak  MqM  Output  i*  obtained.  The 
■light  image  it  projfrclcd  through  a  5  " 
ciihirji  window  in  tha  Fate  ef  the  tube. 
TK#  *lec1»*fl  gun  is  sat  at  an  angle  la 
Ihe  phbsphor  and  tho  deflcclion  sys¬ 
la  m  c  orr  pen  s-ales:  Far  keystone  clfeet*. 


Prjhmie"  Side-View  T ubn i-.  New’  Type 
CKG5S"  with  numerals  close  tp  the 
front,  permli  w-  :!  n  ■  ;i  ng  Ip  uiipwing,  The?e 
*W*-vkw,J  in-line  vi^Mal  readout  tabs* 
display  single  numeral*  0  tfiratgh  &  ot 
pnMHctia  symbol*  flush  u  +  and  - 
signs.  Their  ■vV-h-iflh  CharieltrS  era 
o.i  si  y  road  fron  a  difltanca  al  30  feet. 
Less  Ihejn  $5  each  m  5C0  Tots,  Ihey  □  :;o 
cpsC  Iras  io  did  bncaLsg  the  be*c!  end 
Fitter  essnrnbly  c*n  be  eliminated  end 
becBuse  their  malin-p  **cket&  *ru  ■nor- 
penniva. 


D  0 1 J  si  rob  □  *  EH  7  R  i:  a  do  g  I  £ub$  y*t#m 

pan  diiptay  yp  I e  60  mnaegei  (■*  eher- 
aciert.  fymb&l*.  and  SLhematic*]  el  a 
C**t  ei  l**t  lhan  S5  per  massage,  whan 
purchased  in  produ  clron  que-nlit  B4- 
Thoeo  message*  can  be  ome  Imo  of 
eight  to  ten  ehuraetar*,  two  lines  of  40 
dtwfactc**,  or  three  line*  oF  105  than 
nelor*  4  1y|S-i£  el  display  area.  mnasLia-s 
V."  high  by  ?Vr  wide  I*mM  EMS  0*1*- 
strobe  has  lw«ee  tho  diapt  iy  Gipafijly  — 
can  (iispipy  lJO  mataa^eg,  silher  Singly 
flr  two  maftaagea  Simullaneously.  Qlher 
Teinial*  j  't'  uas  ly  accon^modalpd- 
A  e-Dit-plate  digiteF  readout  iubiy&t^rn 
tempalible  with  intp-graled  enCui1*r1ha 
Dnlnsl'chn  iniplpd^l  defiedng,  driving 
and  disp'ny  lpnK3lkUl*. 


Record  ng  Stprig*  Twbe*.  The  minia¬ 
ture  tube*  ahown  here  ere  htayLheen's 
*ir.gle-jju-i  (CK15SG)  and  dual-gun 
{Cklal9,|.  They  provide  hrgh  rosilu> 
tian,  long  storage  and  fpjl  eraaa  ca> 
pability. 

R.iy theon  pteetiPdie  Input-OUtput 
nlpragp  deutee*  f^elure  the  ubov*  tt- 
pjbilitie*  and  immediile  read^ul.  Fn- 
formaliQfi  G-fln  bd  wvitten  and  sldrad 
by  sequential  larhniquas  or  by  ran- 
dpfr-uucfs:.  writing.  Camplula,  grad-- 
ua!  or  safeclive  erasure  is  possible. 

Raytheon  Storage  lobes  arc  readily 
available  for  ap-plicntions  n  radar  scan 
■convcrsiafi,  nlowidown  video,  signal 
processing,  signal  enhftneemsrst,  lime 
del*y,  pnd  *ipp  motion 


Dvavihf  ■  Eed-Vl*w  TJm*,  Thes^  tube* 
*ra  aasdy  ■  u  sd  in  high  dtabien)  light - 
da  not  wash  ouL  hka  other  displays. 
Erroneous  ruauin-gs  due  to  sc gmanl 
lailura  da  not  occur  because  ihp  eh*r- 
petof*  arc  fully  fprened-  RBythooe 
pntav-yfl  E-nd-Vie^i  Tube*  1>i  esiellng 
aeekel*  end  conform  1o  ElA  ratinge. 
VFpdsils  neluda  round  fCKB-II'l)  aid 
reclen-polur  JCKB422],  Uktre-long-lilu 
types  are  designed 'Far  200, COO  hpurj 
pr  mora  pF  dynamic  pppr^bpp. 


Si-nit  R<>jidar  Sanriica  Card  tar  litera> 


tun  on  ihe: 

Syrnbdlray  CRT  ]3 

f'pe.joctoray  CRT  14 

Recording  Ste-rege  Tubes-  19 

Dntaslrpbe  Readout  5-jbsystnm  1& 
PjltBvue  indicator  Tubes  17 

Galley  CRTs  LA 


Oi  cell  you1  Rnylhcon  regional  Sales 
Police.  Of  write  Ed  fleyJd(Kjp  Ceippany, 
COflpenihnri  D'Visrajn,  J4J  Sprr.np  Svretir, 
J.ffT'b|fJPr7.  Jlfass.  [?7J?5 

bTl«4MllA  ST  R*f|l>*tHi  Con-phiy 


RAYTHEON 


Raylhean  Compflnents  Division— A  siriglb*  lUirrcs  for  TrEmsislors/DSocfpB/l.ntB-g rolud  Circuits/ 
Industrial  Tub^s/Cortl^l  Knobs-' Panel  Hardware/RaysislorsFCircull  Modules/Display  Devices 

IWOewaIsOn  pl^RlAV.  ^p-?vnE  I.'KICM?  !«-S 


Full  color  data  display  with  OPTOmechanisms 
rapid  access  processor/projeclion  system 


Only  ID  spends  from  tompultr  io  full  color  data 
display-front  or  rear  projection.  This  advanced  QFTO- 
mechanisms1  rapid  up-date  system  delivers  idtol  data 
for  Command  and  Control  Centers  on  theatre  size 
screens  with  a  symbol  brightness  of  over  2D  foot  la  Fil¬ 
berts.  The  system  processes  film  images  by  direct 
reversal  and  provides  extremely  high  resolution  pres¬ 
entations,  at  Short  throw  distances,  for  group  viewing. 
Nr?  dark  room  is  required.  OPTOmechanisms'  compact 
Camera-Plocessor-Projector  is  completely  self<on- 
Ca in  ed  end  self -programmed.  A  fully  detailed  bulletin 
of  this  unique1  data  display  system  is  svailabtei 


BUCK  AND  WHITE 

CAM  EEtA/PRGCE$5GR/PR  (HECTOR 

OPTOmectianlsmt1  antf  whitE  daia  display  Systems  tea- 
tmrfr  negative  or  dir«t  pHttiv*  film  prgtcjsJjig  with  a  r&alu- 
tlpn  niingc  of  &D-0U  lines  per  mm.  Ttieso  comjHict.  flnaiWv, 
end  fuUv  iqlf  zenlained  Systems  record,  process  «n>d  project 

data  In  c-Jifj'  &  Mcondi.  They  are  easily  Intefyated  with  erec- 
trwiie  sub-systems.  Typical 
application*;  data  and  f&stnj1 
ment.it:cn  display,  f  ]  J-Jr".  air 
t  raliic  control.  radfD*0giGe!  -nnd 
other  mEdieal  application?,. 


NTHT  .tat  t.Ui  LAO  HiMH 


mwhaitiNmst  #m*. 
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SPfCIJII  CAMEitlS  -  rHOmNlTHlC  OEVICCS  -  WMU.  TUtHWTEKS  -  EAPI3  FILM  PROCESSORS  -  PflDJECTDRS  -  DfllCAt  IRJkCtfRS 
mm  VIEWERS  -  SATELLITE  UEtfCIQR!  -  PEJtSURIHG  tKlIRFf UNfEfEB  -  SrfHfA  CDMPARATftR  -  LINEAR  MliSUHIHG  1A5LE5 
STAR  SIMIfLATMtS  -  NCBATIVf  Tfl  P&HTIVE  FILM  VliWEGS  -  RUGAE  tERlHAT(ffi5  -  f I BE&  OPTICS  APPLICATIONS  -  RAHSE  FIND1H& 
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LMQtWjUlON  Ci  I  SPLAY,  MPlt***tt'OCTOMft,  I'M* 


Cefl  Space's  revolutionary  DP-203  Digital 
CRT  .Plotter  uses  a  CRT’s  electron  h^m  for 
plotting.  Docs  away  with  messy  ink  receptacles 
and  skipping,  ballpoint  pens.  An  electron  beam 
positions  up  to  gfi  nsfffion  plotted  data  points 
over  an  -entire  2400  sq.  in,  surface  to  within 
bit.  That's  ±.0025  of  an  inch  in  the  200 
dppi  plotting  mode.  Match  th,U  accuracy  with 
a  pen  plotter! 

Do  you  require  multiple  copies  of  any 
plot  you  produce?  The  posftive  film  images 
of  the  Geo  Space  DP-203  CRT  Plotter  CAP 
be  used  to  produce  multiple  Oral  id  or 
Serost  copies  al  a  cost  of  only  pennies  apiece. 

On-line  plotting  is  now  1  practical, 
economic  reality.  Gone  are  the  separate 
core  buffers  and  controllers  of  yesteryear. 


Using  Geo  Space  furnished  ALPACA*  linkage 
software,  you  (in  produce  detailed  contour  or 
cartography  maps,  electronic  fdicmalittj  PERT 
charts,  tabular  charts,  annotated  drawings  and 
the  like.  One-pess  annotation  to  describe  and 
label  youf  primary  image*. 

Another  important  benefFt—up  to  3-2  levels 
of  mEtYU5i'[y  sbadfng  can  be  program  selected 
to  finance  (he  tOOul  contrast  of  your  com¬ 
pleted  imagery.  Background  are*  shading  also. 

Want  more  information  on  the  most 
advanced  plotting  peripheral  available  today 
iur  drgrtal  computers?  Write  or  caff  Geo  Space 
Corporation,  Computer  Division,  A  Subsidiary 


of  Wes  tec  CorpottEfan,  3009  South  Post 
Oak  -Road,  Houston,  T «?:<., ts  ??02?, 
Telephone;  71 3/ N A  2-4570. 

rasm  ^cpmces 

COMPUTER  DIVISION 


IhiteftlAAllON  QlSHAV,  Stri£^!€S.'QCTOSiR.  1**4 


find ■  Rud«  Si-.,r*  £+.-^  ft*  Jd 
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IBM  announces 
direct-access  files 

for  SYSTEM/360 
Model  20 


Kow,  the  lowest-priced  IBM 

svsrEti/SeCi  Hives  you  a  level  of 

perform ailce  never  before  passi¬ 
ble  in  a  low-cost  system. 

in  K’s  Model  £0  prov  di  meet- 
access  eaptbi  I  It  aes  with  tha  simple 
addition  of  the  2-31 1  Disk  Storage 
Drive  . . .  in  two  models  similar  to 
tbe  high-performance  drives  pre- 
vioosly  available  only  with  lamer 
models  of  STSTtW/SflO, 

The  3511  features  on-line  stor¬ 
age  of  up  to  10.8  million  bytes; 
access  times  as  fast  as  Gd  m  ill i  - 


aeconds ;  a  diin  transfer  rate  of 
B?$,400  bjtea  per  second ;  and  in- 
Ici  chii  nyeable  disk  packs. 

If  yon  are  jl  Model  20  user,  the 
2311  means  yen  car  handle  a 
much  broader  range  of  btisiaioss 
applications, 

You  can  use-  systems  approaches 
that  let  you  reach  into  the  system 
and  select  any  record  vital  to  the 
control  of  your  company.  Yon 
can  call  for  On-Ehe-i^pot  manage- 
ment  information ...  and  get  it  in 
seconds. 

IBM. 

Giraii  R«ftr  S,.T  E«  Cud  Hi  a 


Moving-  up  to  a  Model  SO  disk 
system  is  made  easier  with  mu  's 
Report  Program  Generator,  a 
proven  programming  language 
that  will  be  expanded  to  support 
disk  and  disk-tape  systems. 

And  you  can  add  this  dimen¬ 
sion  of  d  i  rect  access  to  your  Model 
20  for  as  little  ns  S  575  a  month. 

What  better  way  to  have  a  com¬ 
puter  system  keep  pEicc  with  your 
company's  growth  ? 

EY5TEAE/3GI!}  was  designed  that 
way. 


lfrfHQoM*.rk»J  DiiP^r.  JJT-rEMKq/otTOK*.  1W 


WHAT'S 

HAPPEN 

HERE 


NO*tht*r.  344C*!-  ny 


SEE  THE 

ANSWERS 

DISPLAYED 

CLEARLY, 

CONCISELY, 

COLORFULLY 

WITH 

TEC-LITE 


D  A 

T 

A 

* 

P 

A 

AVI  CompLi?*f  DiviMI. 
Uaclra  :Kmk*I  HtsMick.  inc 


L. 


Ur.liJC 
111  nil  Kin, 
fip-p'ry  ft .1  nil 
Ccip.iilmn 


i 


onouyoo 


rj- 


Lau^  -i^i  fr'aw&i  A  L^h- 

ilrjni-.ftn. 


1I'T>  V  !••••  1 'pe'.i*'. 


TfiW  SyiCai-'Hi 


SEE  WHAT’S  HAPPENING... 
SOLVE  MAN-MACHINE 
COMMUNICATION 
PROBLEMS 

DATA,*  PANEL  Display  Syth&m*  cgnvty  .jifarm-ltiQn. 
£le#r|^  find  concisely  -^In  jy?ph|c  vnrsatility  flew*' 
krtlor*  jivfiil.ible.  You  £*t  A  nt*  wcrfd  of  Irecdbikl  in 
tEyhng  and  pane  layout. .  .inTornuden  on  duc'jy  witN 
an  frn1>'cly  pa*  r-nok'.  Alpha-numeric  messages  nrtd 
ajirribiiH  hi  l.-irMy  visiblfr  biWful  plfinms  qF  gttr*-1«4 '( 
K'-aphifl  tfiy  ftlnss.  Only  riumirtiNd  indma  tuns  fire 
UH-tffl.  arc  Pfil  ifr’iluMid  iJy  1^*  Vain-al 

preififica  *1  ncn-imJeatimfi  *ndfi-aiOI5— t*i*y  *uff€r 
less  visual  make  ]'•■/,<:  ■  lirrCwE,. 

Only  the  DATA+  FAN^L  Display  Syitim  «Kic*pt  an 
g ive  you  suah  Eidlugl*  in  snlecliriE  Mn.  ihapo-,  color 
and  tocatiofl  tl  meEUffU, ..  add  dF  MHlI  dimming  ns 
DAT  A  ■  PANEL  Display  SyitninscAA  be  Cuftt^n  designed 
as  a  connle-tc  flUctHtflk  assembly  ready  to-opmtf 
(via  mu'l.  pm  GflOIHWlflre)  Emm  Itie  OEflAl  WH1*SG5  fli 
any  a^ialog.  digital  Cm  hylwtd  r.ys.1em.  SwitetaB,  *1  fi  *i£n 
varKity  gl  lypci-flrtd  iettoni  can  be  rna-jrrtfctf  in  IN 
panels  ns  an  n"e-Kr-*l  P'trt  pf  Ma  DATA  ■  PANEL  Display 
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Multi-Sensor  Displays— 
Two  Approaches 


Abstract 

The  display  of  signals  from  two 
or  more  information-gathering  sen¬ 
sors  on  a  single  monitoring  device 
has  become  an  increasing  problem 
in  military  detection  and  sOrveil- 
lance  systems.  During  the  past  year, 
RCA  has  made  a  concentrated 
study  of  the  basic  functional  re¬ 
quirements  of  multi-sensor  display 
systems,  and  has  also  observed 
carefully  the  development  of  proto¬ 
type  multi-sensor  systems  which 
utilize  RCA  devices  and  those  of 
other  manufacturers.  Simultaneous¬ 
ly,  analyses  were  made  of  the  per¬ 
formance  capabilities  of  the  differ¬ 
ent  classes  of  display  devices 
which  relate  to  the  basic  functional 
requirements  of  such  display  sys¬ 
tems.  This  report  reviews  the  re¬ 
sults  of  these  analyses. 


General  Requirements 
Such  requirements  of  multi-sensor 
display  systems  as  display  luminance, 
resolution,  ruggedness,  and  weight  con¬ 
servation  are  assumed  to  be  essentially 
identical  to  those  of  single-sensor  display 
systems  currently  used  in  high-perform¬ 
ance  aircraft.  However,  the  multi-sensor 
display  systems  differ  quantitatively 
from  the  single-sensor  display  system  in 
that  the  time  required  to  synthesize  a 
complete  frame  may  vaiy  widely  as  the 
different  sensors  are  interrogated  by  the 
command  of  the  observer.  The  multi¬ 
sensor  system,  therefore,  must  have  the 
capability  of  variable  image  persistence. 
This  persistence  must  be  readily  pro¬ 
grammed  to  be  consistent  with  the  data 
rate  of  the  sensor  system  being  moni¬ 
tored  at  any  given  time.  The  range  over 
which  image  persistence  must  be  pro¬ 
grammable  depends  upon  the  mix  of 
sensors  being  monitored.  A  typical  multi¬ 
sensor  display  system  may  require  modes 
of  operation  as  tabulated  below.  For 
each  mode,  a  qualitative  measure  of  the 
persistence  required  is  noted. 


Mode 

Persistence 

Terrain  avoidance  (shades  of  gray) 

Medium 

Terraine  following  (E-scan) 

Medium 

Flight  situation  (contact  analog) 

Short 

B-scan  radar 

Long 

LLLTV 

Short 

PPPI  (terrain-mapping)  radar 

Long 

Infrared 

Medium 

For  short-persistence  modes,  it  is 
taken  for  granted  that  the  frame  rate 
exceeds  the  flicker-frequency-threshold 
of  the  human  eye.  It  is  assumed,  also, 
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that  the  display  format  in  these  cases 
is  approximately  that  adopted  as  stand¬ 
ard  in  the  TV  industry,  i.e.,  rectilinear 
raster  scan  line  rate  =  15,750  Hz;  frame 
rate  =  30  Hz;  interlace  ratio  =2:1.  The 
medium-  and  long-persistence  modes  are 
assumed  to  involve  frame  periods  be¬ 
tween  0.5  second  and  20  seconds. 

Two  possible  solutions  to  the  multi¬ 
sensor  display  problem  are  as  follows: 

1.  An  approach  in  which  the  ulti¬ 
mate  display  device  is  a  storage 
tube  which  has  a  programmable 
persistence:  short  enough  on  the 
one  hand  to  accommodate  TV 
data  rates  (a  few  milliseconds) 
and  long  enough  on  the  other 
hand  to  present  radar  data  (sev¬ 
eral  seconds).  This  procedure  is 
identified  in  this  report  as  the 
Display-Storage  Tube  (DST)  ap¬ 
proach. 

2.  An  approach  in  which  signals  in 
the  short-persistence  modes,  where 
data  rates  approximate  those  of 
standard  TV  systems,  are  applied 
directly  to  the  ultimate  display  de¬ 
vice.  The  ultimate  display  device 
in  this  case  is  a  cathode-ray  tube 
providing  high  brightness.  Signals 
from  sensors  requiring  long  or 
medium  persistence,  however, 
should  be  converted  to  a  TV  time 
base  for  display  on  the  cathode- 
ray  tube.  An  appropriate  convert¬ 
er  is  the  Scan-Conversion  (elec¬ 
trical-output)  storage  tube.  This 
method  is  identified  in  this  report 
as  the  Scan-Conversion/Cathode- 
Ray  Tube  (SC/CRT)  approach. 

It  is  evident  that  the  SC/CRT  ap¬ 
proach  requires  an  additional  tube  and 
associated  circuits.  It  is  equally  evident 
that  final  choice  between  these  two 


systems  cannot  be  made  without  a  sys¬ 
tematic  review  of  the  less  obvious  per¬ 
formance  characteristics  of  these  two 
different  approaches. 

Outline  of  Analysis 

The  success  of  a  multi-sensor  display 
system  for  many  weapons  systems  de¬ 
pends  upon  the  ability  of  the  ultimate 
display  device  to  present  to  the  observer 
a  high-quality,  TV-type  picture  in  at 
least  one  and  possibly  several  modes  of 
operation.  This  report,  therefore,  begins 
with  a  Comparison  of  DST’s  and  CRT’s 
as  TV  Display  Devices.  Because  it  is 
equally  important  that  the  longer-per- 
sistence  operating  modes  present  a  max¬ 
imum  of  information  to  the  observer,  a 
Comparison  of  the  DST  Approach  with 
the  SC /CRT  Approach  in  a  PPI  Dis¬ 
play  System  follows.  In  the  Summary, 
these  comparisons  are  briefly  evaluated 
and  appropriate  conclusions  drawn. 

Comparison  of  Display-Storage 
Tubes  (DST’s)  and  Cathode- 
Ray  Tubes 

(CRT’s)  as  TV  Display  Devices 
For  comparison  purposes,  a  tube  in 
each  classification  was  hypothesized  and 
the  following  parameters  fixed: 

Nominal  diameter  . 7  inches 

Neck  diameter . %  to  1  inch 

Phosphor  screen  voltage  . 15  kilovolts 

Phosphor  screen  current  . 500  microamperes 

TV  raster  aspect  ratio . 3:4 

Deflection  method  . Magnetic 

Phosphor  color  . Yellow-green 

A  P20  phosphor  was  chosen  for  the 
DST  screen.  The  phosphor  used  in  the 
CRT  screen  was  a  developmental  type, 
better  suited  to  handle  high  instantan¬ 
eous  current  densities  associated  with 
this  class  of  tube.  This  developmental 


ASSUMED  RASTER  SIZE  (EACH  TUBE  TYPE) 
3.5*  «  4.67" 


OST  AND  SHIELD  -  8.00 

DEFLECTING  YOKE  .70 
FOCUSING  COIL  -  .63 


9.33  LB. 


CRT .  2.89 

DEFLECTING  COIL  •  .88 

CORRECTING  MAGNET  -  .74 
FOCUSING  COIL  •  ^63 

5.14  LB. 

FIGURE  1:  Weight  and  size  comparison  of  DST 
and  CRT. 
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phosphor,  like  the  P20,  provides  yellow- 
green  luminescence  but  has  a  higher 
red  component. 

The  other  parameters  selected  for 
each  class  of  device,  such  as  focus 
method,  deflection  angle,  and  over-all 
length,  were  considered  appropriate  and 
reasonable. 

Most  performance  values  for  the  CRT 
were  taken  directly  or  extrapolated  from 
measurements  and  calculations  made  ex¬ 
pressly  for  this  analysis.  For  the  DST, 
some  data  were  obtained  from  measure¬ 
ments  of  RCA  tubes,  some  from  pub¬ 
lished  data  offered  by  other  manufac¬ 
turers  for  DST  devices.  Resolution  in¬ 
formation  was  extrapolated  from  data 
contained  in  Phase  II  Summary  Develop¬ 
mental  Report  for  Research  and  De¬ 
velopment  to  Improve  the  Resolution  of 
latron  Direct  View  Storage  Tubes.  This 
summary  covers  work  conducted  by  ITT 
from  March  2,  1964  to  June  2,  1965  on 
Navy  BuShips  Contract  NObsr-87264 
SF-00803,  Task  9487. 

Information  in  this  report,  therefore, 
represents  a  judgment  on  the  state-of- 
the-art  for  both  classes  of  devices.  As 
both  arts  are  relatively  mature,  any 
basic  improvement  in  the  performance 
levels  discussed  later  are  unlikely,  un¬ 
less  unforeseen  invention  occurs.  Finally, 
every  effort  was  made  to  make  the 
assumed  conditions  of  evaluation  con¬ 
sistent,  e.q.,  the  conditions  from  which 
the  luminance  values  were  derived  are 
consistent  with  the  conditions  from 
which  resolution  values  were  derived. 

Size  and  Weight 

The  over-all  dimensions  of  the  DST 
and  the  CRT  are  shown  in  Fig.  1  to¬ 
gether  with  estimated  tube  weights  and 
the  weight  of  necessary  shielding  and 
externally  mounted  components.  The 
relatively  high  beam  voltage  employed 
by  the  CRT  is  assumed  to  obviate  the 
need  for  complete  magnetic  shielding; 
however,  a  neck  shield  should  be  used 
for  this  tube.  The  estimated  weight 
of  a  suitable  electromagnetic  focusing 
coil  for  the  CRT,  10.63  lb.,  is  included 
in  Fig.  1;  the  electrostatic  focusing  de¬ 
vice,  mentioned  elsewhere,  weighs  less. 
Ruggedness 

Both  the  DST  and  the  CRT  have 
been  successfully  ruggedized  for  use  in 
military  aircraft.  The  CRT,  because  of 
its  simpler  structure,  is  generally  more 
rugged. 

Power  Consumption 

Because  of  the  DST’s  smaller  deflec¬ 
tion  angle  and  lower  electron-beam 
velocities,  the  DST  deflection  system  can 
be  made  to  require  substantially  less 
power  than  that  of  the  CRT.  (The 
equipment  manufacturer  can  best  esti¬ 
mate  the  power  requirements  of  the 
deflection  circuits  for  the  two  types  of 
tubes.)  In  general,  the  total  power  con¬ 
sumption  for  a  CRT-tvpe  TV  monitor 
is  in  the  range  of  50  to  100  watts. 
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Estimated  power  consumption  of  the 
two  types  of  tubes,  excluding  circuits, 
is  as  follows: 

DST 


Flood  heater .  11.30 

Flood  grid  1 .  0 

Flood  grid  2 .  0.05 

Flood  grid  3 .  0.01 

Flood  grids  4,  5,  and  6 . .  0 

Collector  .  0.04 

Viewing  screen  .  7.50 

Write  heater .  1.90 

Write  grid  2 .  0.40 

Write  focus  coil  .  0.40 

Total .  21.60  watts 


Heater .  1.90 

Grid  1 .  0 

Grid  2 .  0 

Grid  3 .  1.05 

Anode  . 7.50 

Total  .  10.45  watts 


Pattern  Geometry 

Because  the  display  picture  is  pre¬ 
sented  on  an  essentially  flat  surface, 
some  pincushion  distortion  can  be  ex¬ 
pected.  A  measure  of  this  distortion  is 
the  extent  to  which  the  sides  of  a 
nominally  square  raster,  with  corners 
just  inscribed  within  the  useful  area, 
bow  inward.  For  the  DST  which  is  as¬ 
sumed  to  have  a  half-deflection  angle  of 
17.7°,  this  bow  is  about  0.038  inch.  For 
the  CRT  which  is  assumed  to  have  a 
half-deflection  angle  of  35°,  the  bow 
is  about  0.055  inch. 

Pincushion  distortion  can  be  reduced 
through  modification  of  the  deflection 
yoke.  However,  yoke  modification  can 
reduce  over-all  resolution.  Another 
method  of  reducing  pattern  distortion 
requires  the  use  of  static  correction  mag¬ 
nets.  Although  this  approach  is  satisfac¬ 
tory  for  CRT  displays,  it  is  not  recom¬ 
mended  for  DST  displays,  because  mag¬ 
nets  severly  distort  the  flood-beam  col- 
limation  fields. 

Luminance  (Brightness) 

DST’s  have  been  typically  rated  in 
terms  of  saturated  or  equilibrium  lumi¬ 
nance.  This  rating  is  the  luminance 
level  to  which  the  phosphor  screen  is 
excited  when  the  storage  mesh  is  “writ¬ 
ten”  to  a  potential  sufficiently  close  to 
the  flood-cathode  potential.  This  condi¬ 
tion  indicates  that  conduction  of  flood- 
beam  electrons  to  the  phosphor  screen 
is  at  a  maximum.  This  concept  does  not 
apply  to  CRT  luminance  because  a 
properly-operated  CRT  does  not  exhibit 
luminance  saturation  in  an  equivalent 
sense.  (See  the  section  on  Transfer  Char¬ 
acteristics.)  However,  to  allow  at  least 
a  rough  comparison,  the  CRT  luminance 
was  calculated  by  assuming  that  its 
screen  (beam)  current  was  equal  to  the 
DST  screen  current  under  conditions  of 
saturated  brightness.  A  value  of  500 
microamperes  was  assumed  to  be  rea¬ 
sonable.  The  following  luminance  values 


were  obtained: 

DST  CRT 

1450  footlamberts  1030  footlamberts 

The  apparent  luminance  advantage 
of  the  DST  must  be  evaluated  properly. 
In  practice,  considerations  of  display 
quality  (resolution  and  gray-scale  re¬ 
production)  probably  will  require  that 
the  operating  level  of  the  DST  is  set 
substantially  below  that  of  the  saturated 
luminance.  Therefore,  the  systems  ana¬ 
lyst  must  weigh  the  apparent  luminance 
advantage  of  the  DST  with  other  evi¬ 
dence  presented  in  this  report,  particu¬ 
larly  in  the  sections  on  Resolution  and 
T ransfer  Characteristics. 

Resolution 

The  term  “line-width,”  is  defined  in 
Fig.  2.  Line-width  may  be  measured 
approximately  by  the  shrinking-raster 
technique  or,  somewhat  more  objective¬ 
ly,  by  the  use  of  a  slit  photometer  to 
inspect  luminous-flux-density  distribu¬ 
tion  across  a  displayed  trace.  If  the 
stated  luminance  level  is  assumed  to 
be  50  per  cent  of  the  luminance  values 
given  above,  reasonable  line-widths  at 


RELATIVE  LUMINANCE 


FIGURE  3:  Line-width  change  as  a  function  of 
luminance. 
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FIGURE  4:  Factors  contributing  to  point-to-point 
nonuniformities  in  over-all  transfer 
characteristic  of  DST. 


the  center  of  the  display  are  as  follows: 

DST  CRT 

0.012  inch  0.007  inch* 

_ 0.012  inch** 

"Using  high-voltage  electrostatic  or  magnetic  focus 
lens. 

0 "Using  low-voltage  (unipotential )  electrostatic  fo¬ 
cus  lens. 

For  completeness,  it  is  also  necessary 
to  indicate  the  order  of  magnitude  of 
line-width  degradation  as  the  electron 
beam  is  deflected  to  the  edge  of  the  dis¬ 
play.  The  following  values  are  estimates 
of  the  ratio  of  line-width  at  the  edge  to 
line-width  at  the  center.  In  each  case, 
dynamic  focus  corrections  are  assumed. 


Curve  4b  shows  the  transfer  charac- 
tertistic  that  relates  the  magnitude  of 
charge  developed  on  the  storage  surface 
to  the  incident  beam  current.  For  a 
fixed  scanning  speed,  the  slope  of  this 
characteristic  depends  upon  the  beam 
diameter,  the  thickness  of  the  insulator, 
the  dielectric  constant  of  the  insulator, 
and  the  secondary-emmission  ratio  of 
the  insulator.  All  can  vary  with  position 
on  the  storage  surface. 

Curve  4c  shows  the  transfer  character¬ 
istic  of  the  storage  mesh  on  which  the 
insulator  is  deposited.  The  slope  of  the 
characteristic  depends  upon  transmission 
of  the  storage  mesh,  the  thickness  of  the 
mesh,  and  the  arrangement  of  adjacent 
elements  (collector  and  viewing  screen). 
The  intercept  of  this  curve  on  the  lumi¬ 
nance  axis  depends  upon  the  transmis¬ 


sion  of  the  storage  mesh  and  the  dis¬ 
tribution  of  current  density  in  the  flood 
beam  delivered  from  the  flood  gun 
through  the  collimation  system.  Although 
it  cannot  be  illustrated  by  a  set  of  static 
characteristics,  translation  of.  the  char¬ 
acteristic  exists  as  a  result  of  differences 
in  levels  to  which  preceding  erasing 
events  have  charged  the  storage  surface. 
No  attempt  has  been  made  to  indicate 
the  magnitude  of  variations  to  be  ex¬ 
pected  in  the  individual  transfer  func¬ 
tions  shown.  Control  of  the  factors  which 
influence  point-to-point  variations  in  the 
over-all  transfer  characteristic  of  the 
DST  is  substantially  more  difficult  than 
in  the  case  of  the  CRT. 


Fig.  5  shows  the  variations  in  the 
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FIGURE  5:  Measured  point-to-point  nonuniform 
ities  in  over-all  transfer  characteris¬ 
tic  of  a  typical  DST. 


DST  CRT 

1.25:1  1.5:1 

Finally,  the  change  in  line-width  as  a 
function  of  luminance  level  to  which  the 
display  is  driven  must  be  considered. 
As  shown  in  Fig.  3,  the  line  widths 
have  been  normalized  to  the  value 
measured  at  a  relative  luminance  level 
of  0.5. 

Uniformity 

Provided  that  the  input  signal  is 
constant  in  the  CRT,  point-to-point  uni¬ 
formity  of  display  luminance  over  the 
display  area  is  controlled,  for  all  prac¬ 
tical  purposes,  by  the  uniformity  of  the 
phosphor  screen  and  its  backing  alumi¬ 
num  layer.  Measurements  indicate  that 
a  typical  ratio  of  maximum  luminance- 
to-minimum  luminance  is  1.17:1. 

The  factors  which  influence  uniformi¬ 
ty  in  the  DST  are  considerably  more 
complex.  An  understanding  of  these  fac¬ 
tors  may  be  obtained  by  reference  to 
the  series  of  transfer  curves  in  Fig.  4. 
Curve  4a  shows  the  writing-beam  trans¬ 
fer  characteristic.  Writing-beam  current 
denotes  the  current  actually  reaching 
the  storage  surface  plane.  Thus,  writing- 
beam  current  may  vary  from  point  to 
point  at  the  storage  surface  because  of 
variations  in  electron  transmission  of 
the  collector  mesh. 


FIGURE  6:  Over-all  transfer  characteristics. 


over-all  transfer  characteristic,  measured 
at  several  points  on  the  useful  display 
area  of  a  typical  high-quality  DST.  The 
luminance  ratio  varies  with  the  level  of 
the  input  signal,  but  it  may  be  taken 
to  be  at  least  1.5:1. 

Transfer  Characteristic 

In  television-system  design,  the  trans¬ 
fer  characteristics  of  the  associated  com¬ 
ponents  are  vital.  The  camera  tube,  the 
amplifier  channel,  and  the  display  de¬ 
vice  must  have  transfer  characteristics 
that  are  complementary  if  relative  scene 
luminances  are  to  be  preserved  in  a  con¬ 
trolled  fashion  in  the  final  display.  The 
gamma  of  a  camera  tube  is  typically  less 
than  unity.  As  shown  in  Fig.  6,  however, 
the  gamma  of  a  CRT  is  greater  than 
unity.  Thus,  the  gamma  correction  of 
the  intervening  amplifier  channel  may 
be  relatively  modest  and,  in  fact,  may 
not  be  necessary  in  some  instances. 
However,  the  transfer  characteristic  of 
the  DST  exhibits  a  gamma  that  varies 
with  luminance  level,  and  falls  to  a  low 
value  as  saturated  luminance  is  ap¬ 
proached.  Therefore,  because  the  gam¬ 
mas  of  the  camera  tube  and  the  DST 
are  not  complementary  over  a  significant 
range,  amplifier  gamma  correction  be¬ 
comes  difficult  if  the  amplitude  of  the 
camera  output  signal  varies  as  a  result 
of  changes  in  the  illumination  of  the 
scene  being  televised.  The  shape  of  the 
DST  transfer  curve  also  illustrates  why, 
in  practical  situations,  the  operating 
luminance  level  usually  is  well  below 
saturated  luminance  level.  This  condition 
results,  in  part,  from  the  excessive  video¬ 
drive  voltage  necessary  to  attain  lumi¬ 
nance  levels  above  75  per  cent  of 
saturation. 

Erasing 

Erasing  is  not  required  with  the  CRT 
because  picture  information  is  auto¬ 
matically  cleared  by  the  natural  decay 
of  phosphor  luminance  following  excita¬ 
tion.  Erasing  in  the  DST  can  be  ac¬ 
complished  with  a  programmed  sequence 
of  erasing  pulses,  usually  applied  during 
the  field-flyback  interval.  Although  such 
erasing  is  relatively  straightforward  in 
principle,  it  can  be  complicated  by  a 
number  of  factors  in  practice. 

First,  the  nature  of  the  erasing  char¬ 
acteristic  should  be  considered.  Fig.  7a 
shows  such  a  characteristic  for  erase 
pulses  having  an  amplitude  equal  to  the 
cutoff  potential  of  the  storage-mesh 
transfer  characteristic.  Although  the 
length  of  the  erase  pulse  necessary  to 
achieve  80-per  cent  clearance  of  previ¬ 
ous  information  is  relatively  short,  the 
clearance  of  the  remaining  20  per  cent 
takes  considerably  longer.  Also,  erase 
pulses  of  this  amplitude  tend  to  result 
in  a  reverse-image  effect.  Accordingly, 
the  usual  practice  is  to  employ  an  erase- 
pulse  amplitude  somewhat  higher  than 
the  value  that  just  produces  storage 
surface  cutoff  (a  mode  sometimes  called 
INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 


_ 

) 

\ 

RASE  PULSE  AMPLI 

TUDE  GREATER 

F  VOLTAGE 

'' 

THAN  MESH  CUTOF 

V 

' 

\ 

u 

V 

ER 

ASE  PU 
VATELY 
VOLTAGf 
L.  l  1 

_SE  AMPLITU 

DE  APPROX- 
TOFF 

|L 

TO  MESH  CL 

t 

H- 

— 

— 

_ 

0  0.5  1.0 

RELATIVE  ERASE  PULSE  LENGTH 


FIGURE  7:  Typical  DST  erase  characteristic. 

erasing  “blacker- than-black”) .  This  erase 
characteristic  is  shown  in  Fig.  7b.  The 
practice,  however,  tends  to  intensify 
mesh-interference  moire  effects.  In  gen¬ 
eral,  the  adjustments  necessary  to 
achieve  an  erasure  that  avoids  image 
smear  interact  with  the  adjustment  of 
writing  video-drive  and  bias,  and  there¬ 
by  complicate  adjustment  of  the  DST. 

Second,  the  bright  flash  which  ac¬ 
companies  each  erase  pulse  must  be 
suppressed.  In  the  usual  DST,  this  sup¬ 
pression  involves  “dunking”  the  high 
voltage  applied  to  the  viewing  screen 
to  two  or  three  kilovolts.  Because  of  the 
stray  capacitance  of  the  viewing  screen, 
it  is  highly  desirable  that  the  individual 
erase  pulses  should  be  as  long  as  pos¬ 
sible.  This  condition  usually  leads  to 
erasure  during  the  field-flyback  interval. 
Two  objections  to  this  practice  are  evi¬ 
dent:  (1)  display  luminance  tends  to 
decrease  from  the  top  of  the  picture  to 
the  bottom,  because  the  time  over  which 
luminous  flux  is  integrated  by  the  ob¬ 
server’s  eye  is  greater  for  the  earlier 
lines  in  the  TV  field  than  for  the  subse¬ 
quent  lines,  and  (2)  the  field-flyback 
interval  cannot  now  be  used  to  prevent 
symbology  as  is  desired  in  some  systems. 
The  “dunking”  voltage  swing  can  be 
reduced  greatly  by  the  addition  of  an 
electrode  to  the  tube  for  this  purpose. 
The  “dunking”  pulse  rise  time  can  be 
reduced,  therefore,  without  excessive  ex¬ 
penditure  of  power.  Yet,  while  the  addi¬ 
tional  electrode,  which  is  a  mesh  screen, 
enables  more  flexible  erasing  routines, 
it  also  increases  the  possibility  of  moire 
effects,  decreases  tube  ruggedness,  and 
increases  tube  cost. 

Ease  of  Setup 

Adjustment  of  the  DST  is  more  com¬ 
plicated  than  adjustment  of  the  CRT. 
Proper  collimation  of  the  flood  beam, 
which  is  critical  in  attaining  optimum 
display  uniformity,  is  of  particular  con¬ 
cern.  Inprovement  in  this  area  is  offered 
by  factory-collimated  DST’s.  In  these 
tubes,  the  manufacturer  encapsulates 
part  of  the  collimation  circuit  within  the 
tube-magnetic-shield  interspace  after  ad¬ 
justing  the  collimation  to  an  optimum 
level.  This  practice  removes  the  burden 
of  collimation  from  the  frequently-un- 
skilled  field  maintenance  technician. 
Operator  Adjustments 

The  operator  usually  controls  display 


luminance  in  DST  indicators  by  manu¬ 
ally  rotating  a  crossed  Polaroid0  filter 
assembly.  An  alternate  control  method 
is  to  adjust  the  high  voltage  applied  to 
the  viewing  screen.  This  method  should 
be  avoided,  however,  because  the  change 
of  viewing-screen  voltage  tends  to  inter¬ 
act  with  and  disrupt  previous  adjust¬ 
ments  for  optimum  resolution,  optimum 
writing,  and  erasing  balance.  Controls 
for  the  adjustment  of  writing-gun  bias, 
focus,  and  video-drive  voltages  are  usual¬ 
ly  not  available  to  the  pilot  because  of 
their  critical  nature. 

In  an  indicator  using  a  CRT,  it  is 
possible  to  provide  these  controls  be¬ 
cause  adjustment  for  optimum  display 
performance,  including  luminance  level, 
is  no  more  critical  than  for  the  familiar 
entertainment  TV  set.  Although  military 
practice  usually  demands  a  minimum  of 
controls,  there  is  the  psychological  ad¬ 
vantage  of  offering  these  three  adjust¬ 
ments  to  the  pilot  who  then  has  a 
sense  of  control  over  the  data  being 
presented  to  him. 

Summary 

In  terms  of  general  display  quality 
(as  affected  by  resolution,  uniformity, 
transfer  characteristic,  and  similar  char¬ 
acteristics),  the  CRT  is  a  more  effec¬ 
tive  TV  display  device  than  the  DST. 
Even  with  regard  to  output  luminance, 
where  the  DST  appears  to  have  an  ad¬ 
vantage,  there  is  considerable  evidence 
to  suggest  that  in  practical  operating 
situations  this  apparent  advantage  is  not 
realized. 

Comparison  of  the  DST  Approach 
with  the  Scan-Converter  Cathode- 
Ray  Tube  (SC/CRT)  Approach  in  a 
PPI  Display  System 

To  some  extent,  the  details  of  a  com¬ 
parison  study  depend  upon  the  type  of 
radar  display  under  consideration.  In 
this  report,  display  parameters  are  those 
of  an  offset  sector  PPI  indicator,  as 
shown  in  Fig.  8.  In  each  case,  the  origin 
of  the  sector  and  the  locus  of  maximum 
range  are  assumed  to  be  tangent  to  the 
bottom  and  top,  respectively,  of  the 
useful  display  diameter.  The  displayed 
sector  occupies  a  total  angle  of  90°  and 


FIGURE  8:  Assumed  geometry  of  sector  PPI  dis¬ 
play  as  used  in  the  paper. 
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is  scanned  at  a  rate  of  M  Hz,  i.e.,  the 
time  to  scan  from  left  to  right  and  to 
return  is  2  seconds.  Although  this  analy¬ 
sis  does  not  involve  range  or  radar 
PRF  explicitly,  both  approaches  are 
consistent  with  airborne  radar  practices. 

In  this  comparison,  the  DST  approach 
employs  the  seven-inch  DST  hypothe¬ 
sized  in  the  preceding  section.  For  the 
SC/CRT  approach,  a  corresponding  sev¬ 
en-inch  CRT  is  used  as  the  ultimate  dis¬ 
play  device.  The  scan-conversion  tube  is 
the  RCA  Developmental  Type  C22001 
Graphechon. 

Other  devices  suitable  for  this  pur¬ 
pose  are  the  transmission-control  (Re¬ 
cording)  storage  tube  or  the  landing- 
control  (Metrechon)  storage  tube,  both 
of  which  offer  capability  of  so-called 
nondestructive  readout,  i.e.,  very  long 
storage  times.  The  Graphechon  was 
chosen  for  the  following  reasons: 

1.  Display  system  used  in  most  high- 
performance  aircraft  do  not  re¬ 
quire  extended  storage  of  images. 

2.  The  Graphechon  is  inherently 
more  rugged  because  it  has  fewer 
fine-mesh  screens  (one  compared 
with  three  or  four). 

3.  Both  nondestructive  readout  types 
require  normal  incidence  of  the 
reading  and  writing  beams,  and 
therefore,  are  more  critical  to  set 
up  and  to  adjust  for  optimum 
performance. 

4.  The  Graphechon  can  be  made 
shorter  for  a  given  storage-target 
size,  and  thus  for  a  given  resolu¬ 
tion. 

5.  The  Graphechon  does  not  require 
carrier-frequency  techniques  to 
prevent  feedthrough  of  input- 
video  signals  to  the  output-pre¬ 
amplifier  channel. 

Block  diagrams  for  the  two  approaches 
applied  to  a  simple  two-sensor  display 
system  (a  TV  camera  and  a  radar 
receiver)  are  shown  in  Figs.  9  and  10. 
The  need  for  two  synchronizing  genera¬ 
tors  in  the  SC/CRT  is  controlled  by  the 
compatibility  of  TV  camera  rates  with 
those  considered  optimum  for  the  scan- 
conversion  process.  This  study  assumed 


non-compatibility  in  this  respect,  but  a 
single  synchronizing  generator  may  be 
possible  in  other  specific  systems. 

Size  and  Weight 

The  equipment  manufacturer  is  best 
qualified  to  estimate  weights  and  vol¬ 
umes  of  total  systems  for  the  two  ap¬ 
proaches.  However,  estimated  weights 
for  the  tubes  and  intimately  associated 
components  are  provided  for  guidance 
purposes.  These  weights  appear  in  Fig. 
1  for  the  DST  and  CRT,  and  in  Fig.  11 
for  the  SC  (RCA-C22001).  Outline  di¬ 
mensions  for  the  C22001  encapsulated 
in  a  typical  magnetic  shield-support  as¬ 
sembly  are  also  shown  in  Fig.  11. 
Dimensions  for  the  RCA  Developmental 
C22007,  a  shorter  tube,  appear  in  Fig. 
12  for  comparison. 

Power  Consumption 

Power  consumption  values  are  shown 
below  for  the  SC  alone.  (Power  con¬ 
sumption  values  for  the  DST  and  CRT 
were  given  previously.)  The  total  sys¬ 
tem  power  consumption  is  best  deter¬ 
mined  by  the  equipment  manufacturer; 


Heaters  (2) .  1.20 

Control  grids  (2)  .  0 

Writing  grid  2  .  0.03 

Writing  grid  3 .  0 

Writing  grid  4 .  0.01 

Reading  grid  2 .  0.06 

Reading  grids  3  and  5  . 0.01 

Reading  grid  4 .  0 

Total .  1.85  Watts 


Ruggedness 

The  RCA-C22001  Scan-Converter  is 
rated  for  operation  in  modem  high-per¬ 
formance  fighter  aircraft.  This  tube  is  in¬ 
herently  less  rugged  than  a  CRT  because 
of  its  extra  gun  and  the  relatively  fragile 
target,  yet  it  is  more  rugged  than  the 
DST,  which  has  an  additional  fine-mesh 
structure.  Furthermore,  the  mesh  struc¬ 
tures  of  the  DST  are  substantially  larger 
in  area  and  tend  to  have  “drum-head” 
resonances  in  the  frequency  ranges  en¬ 
countered  in  aircraft  vibration  profiles. 

The  consequences  of  tube  failure  in 
the  two  approaches  are  of  interest.  In 


either  approach,  failure  of  the  ultimate 
display  device  makes  the  over-all  system 
inoperative  although  failure  is  less  like¬ 
ly  to  occur  in  the  CRT.  For  the  SC/CRT 
system,  however,  failure  of  the  storage 
device  does  not  affect  those  sensors 
which  generate  signals  that  are  fed  di¬ 
rectly  to  the  CRT.  The  significance  of 
these  observations  can  be  judged  only 
by  the  weapons  systems  analyst. 

Pattern  Geometry 

Both  the  reading  and  the  writing 
rasters  of  the  C22001  exhibit  some  pin¬ 
cushion  distortion  because  the  storage 
target  of  this  device  is  a  plane  surface. 
However,  because  the  deflection  angles 
are  equal  on  both  sides  of  the  SC  target, 
distortion  introduced  by  the  writing  gun 
is  cancelled  by  that  of  the  reading  gun. 
Freedom  from  geometric  distortion  of 
the  radar  pattern  in  the  SC/CRT  ap¬ 
proach  requires  control  of  the  linearity 
of  the  three  deflection  systems,  rather 
than  the  one  system  of  the  DST  ap¬ 
proach. 

Luminance 

The  saturated  luminance  in  the  DST 
approach  is  the  same  as  that  shown 
earlier  for  TV  display  service,  i.e.,  1450 
footlamberts,  because  DST  luminance  is 
not  a  function  of  the  area  of  the  dis¬ 
played  picture,  but  rather  of  the  area 
covered  by  the  flood  beam.  However, 
the  practical  operating  luminance  of  the 
DST  system  will  probably  be  much  low¬ 
er.  As  in  the  case  of  the  display  of  TV 
signals,  other  considerations  probably 
will  reduce  the  luminance  of  the  DST 
well  below  the  saturated  level. 

Luminance  of  the  SC/CRT  approach 
is  somewhat  less  than  the  1030  foot¬ 
lamberts  given  previously  because  the 
assumed  PPI-sector  pattern  requires  a 
readout  display  raster  on  the  CRT  that 
is  tangent  to  the  assumed  useful  display 
diameter  of  six  inches.  Under  this  con¬ 
dition,  with  an  anode  voltage  of  15 
kilovolts  and  a  beam  (phosphor  screen) 
current  of  500  microamperes,  CRT  lumi¬ 
nance  is  480  footlamberts. 

Resolution 

Comparison  of  the  cascaded  resolu- 
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FIGURE  11:  Typical  size  and  weight  for  Graphe- 
con  Type  C22001. 


ESTIMATED  WEIGHT 
TUBE  AND  SHIELD  -  1.30 

DEFLECTING  YOKES  (2)  -  0.28 
FOCUSING  COIL  (1)  -  0J7 

1.75  LB. 

FIGURE  12:  Typical  size  and  weight  for  Graphe- 
con  Type  C22007. 

tion  characteristics  of  the  SC  tube,  the 
video  amplifier  between  the  SC  and  the 
CRT,  the  CRT,  and  the  television  raster 
process  with  the  resolution  characteris¬ 
tics  of  the  DST  requires  the  introduc¬ 
tion  of  a  resolution-defining  concept 
more  amenable  to  the  analysis  than  the 
“line-width”  definition  introduced  pre¬ 
viously.  Such  a  concept  is  the  frequency- 
response  function,  used  herein  to  de¬ 
scribe  the  resolution  characteristics  of 
the  several  devices.  This  term,  some¬ 
times  referred  to  as  the  spatial-frequency 
characteristic  or  modulation-transfer 
function,  is  discussed  in  detail  in  a  series 
of  papers  by  Dr.  O.  H.  Schade.  (See 
Reference  1.) 

Although  convenience  dictates  a  dif¬ 
ferent  technique,  the  frequency-response 
function  can,  in  principle,  be  measured 
for  a  display  device  in  the  following 
manner: 

1.  The  beam  scans  the  phosphor  screen 
repetitively  to  produce  a  single 
straight  trace.  The  scanning  wave¬ 
form  is  a  linear  sawtooth. 

2.  The  electron-beam  intensity  is  modu¬ 
lated  by  a  sine  wave  having  a  fre¬ 
quency  which  is  a  multiple  of  the 
line-scan  frequency.  Thus,  the  signal 
produces  a  series  of  alternately  bright 
and  dim  spots  of  light. 

3.  A  photometer  with  a  narrow  slit 
oriented  orthogonally  in  the  direc¬ 
tion  of  scan  is  used  to  inspect  the 
pattern  of  light  spots.  The  width  of 
the  slit  must  equal  a  fractional  part 
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of  the  expected  electron-beam  width. 

4.  As  the  photometer  is  moved  with 
uniform  speed  in  the  direction  of 
the  line  scan,  the  resulting  output 
current  varies  simisoidally. 

5.  By  use  of  a  modulating  frequency 
which  allows  only  a  few  spots  to  be 
presented  per  display  diameter,  the 
peak  amplitude  of  the  sine-wave 
photocurrent  signal  is  noted  and  as¬ 
signed  the  reference  value  1.0. 

6.  Steps  1  through  5  are  repeated  for 
increasing  values  of  modulating  fre¬ 
quency  until  the  photocurrent  amp¬ 
litude  drops  to  a  small  fraction  of 
the  reference  value. 

7.  A  plot  of  this  data  gives  the  fre¬ 
quency-response  function  in  terms 
of  relative  response  versus  spatial 
frequency  in  cycles  per  unit  length. 

Analogous  techniques  may  be  used  to 
obtain  the  frequency-response  function 
of  such  electrical-ouput  devices  as  scan- 
conversion  storage  tubes. 

In  the  analysis  of  a  system  of  cas¬ 
caded  components,  individual  frequency- 
response  functions  are  multiplied,  fre¬ 
quency  by  frequency,  to  obtain  the  over¬ 
all  function,  as  is  done  in  the  analysis 
of  cascaded  amplifiers.  All  frequency- 
response  functions  must  be  based  upon 
the  response  to  a  sine-wave  input.  In 
many  instances,  frequency-response 
functions,  particularly  those  of  TV 
camera  tubes,  are  based  upon  measure¬ 
ments  which  use  a  square-wave  input 
signal.  In  the  instance  of  electrical-out¬ 


put  storage  tubes,  such  as  scan-convert¬ 
ers,  the  frequency-response  function 
often  is  measured  by  the  so-called  ortho¬ 
gonal  write-in/read-out  method.  The 
curves  of  Fig.  13,  based  upon  theoretical 
considerations  (Reference  2),  illustrate 
the  effect  of  the  measurement  method 
upon  the  shape  of  the  frequency-re¬ 
sponse  function.  This  function  may  be 
used  to  determine  single  limiting-resolu¬ 
tion  and  equivalent-bandpass  values 
which  are  used  sometimes  to  describe 
the  resolution  performance  of  a  display 
device  or  a  system. 

The  frequency  at  which  the  frequency- 
response  drops  to  a  low  value,  usually 
0.02  to  0.04,  is  the  limiting  resolution 
value.  The  limiting  resolution  in  TV 
lines  per  unit  length  is  double  the  limit¬ 
ing  resolution  in  cycles  per  unit  length. 
The  reciprocal  of  the  limiting  resolution 
in  cycles  per  unit  length  is  approximate¬ 
ly  equal  to  the  line  width,  as  described 
earlier  in  this  report. 

When  the  equivalent  bandpass  of  a 
display  system  is  given,  it  is  equated  to 
that  of  a  hypothetical  display  system  for 
which  the  frequency-response  function 
is  unity  within  and  zero  outside  of  the 
stated  bandpass.  Equivalent  bandpass 
N.-  of  a  real  display  system  may  be  de¬ 
termined  by  point-to-point  squaring  of 
the  measured  sine-wave  frequency-re¬ 
sponse  function  followed  by  a  determina¬ 
tion  of  the  area  beneath  the  squared 
curve. 

The  choice  between  limiting  resolu- 

29 


FIGURE  13:  Effect  of  measuring  technique  on 
shape  of  frequency-response  func¬ 
tion. 

tion  and  equivalent  bandpass  as  an  ap¬ 
propriate  index  of  device  or  system  reso¬ 
lution  is  conditioned  by  the  functional 
requirements  of  the  display  system.  If 
an  object  in  the  sensor’s  field  of  view 
must  be  distinguished  from  another  ob¬ 
ject  in  close  proximity,  the  limiting 
resolution  concept  may  be  most  useful. 
However,  if  a  general,  faithful  reproduc¬ 
tion  of  the  real  world  is  important,  the 
equivalent-bandpass  concept  may  be 
preferred  over  an  analysis  based  upon 
either  single-valued  index. 

The  frequency-response  function  of 
the  seven-inch  DST  hypothesized  for 
this  study  is  shown  in  Fig.  14.  Basic 
data  for  the  curve  were  taken  on  a  five- 
inch  RCA  DST.  In  plotting  these  data, 
however,  the  spatial-frequency  axis  was 
scaled  to  conform  to  the  hypothetical 
seven-inch  DST.  The  equivalent  band¬ 
pass  No  for  this  tube  was  calculated  to 
be  168  cycles  per  display  diameter.  Be¬ 
cause  the  limiting  resolution  is  approxi¬ 
mately  500  cycles  per  display  diameter, 
the  following  hypothesis  is  made: 

If  this  DST  is  used  in  an  offset- 
sector  PPI  display  in  conjunction 
with  a  radar  system  having  unlim¬ 
ited  receiver  frequency  response, 
infinitesimally  narrow  beam  angle, 
infinitesimally  short  pulse  length, 
and  a  10,000-yard  range;  then  two 
high-reflectivity  targets,  each  10 
yards  square  and  separated  by  10 
yards  of  essentially  zero  reflectiv¬ 
ity,  would  be  barely  distinguish¬ 
able  in  the  display  as  separate 
targets.  It  is  assumed  that  the  op¬ 
erator  is  free  to  control  ambient 
illumination  and  to  inspect  the 
display  as  closely  as  he  chooses. 
Whether  or  not  this  condition  is  accept¬ 
able  from  a  weapons  system  standpoint 
involves  considerations  beyond  the  scope 
of  this  study. 

For  the  SC/CRT  approach,  the  sys¬ 
tem  designer  can  manipulate  several 
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FIGURE  14:  Frequency-response  function  for  7- 
incfi  DST. 


system  parameters  for  optimum  over-all 
performance;  viz.,  TV  raster  standards, 
amplifier  bandpass,  and  amplifier  re¬ 
sponse-shaping  functions  such  as  aper¬ 
ture  correction.  The  values  chosen  for 
this  study  are  believed  to  be  typical. 
Separate  consideration  must  be  given 
to  the  resolution  performance  in  the  di¬ 
rection  of  the  raster  line  structure  and 
in  the  direction  orthogonal  to  this  struc¬ 
ture. 

Resolution  in  the  direction  along  the 
raster  lines  is  a  function  of  the  resolu¬ 
tion  of  both  scan-converter  storage  tube 
and  display  CRT  as  well  as  of  the  char¬ 
acteristics  of  the  intervening  amplifer 
channel.  Fig.  15  shows  frequency-re¬ 
sponse  functions  for  these  system  ele¬ 
ments.  The  CRT  curve  conforms  with 
the  line-width  data  discussed  previously. 


The  SC-curve  data  were  measured  by 
the  orthogonal  write-in/read-out  tech¬ 
nique  and  were  transformed  to  the  sine- 
wave-frequency-response-function  form 
necessary  to  this  study  in  accordance 
with  the  curves  of  Fig.  13.  The  assumed 
amplifier  characteristic  is  for  a  system 
which  includes  a  gradual-cutoff,  band¬ 
width-limiting  filter.  (See  Reference  1, 
Part  3  Fig.  82.)  The  temporal-frequency 
cutoff  was  chosen  to  give  a  spatial-fre¬ 
quency  cutoff  of  approximately  600 
cycles  per  display  diameter.  This  cut¬ 
off  was  calculated  to  be  about  17  MHz 
for  a  30-frame  per  second,  2:1  interlace, 
1:1  aspect  ratio,  945-raster-line  TV  for¬ 
mat  with  normal  blanking  percentages 
(90  percent  field,  83  percent  line).  The 
frequency-response  functions  for  these 
three  elements  were  cascaded  to  give 


SPATIAL  FREQUENCY-CYCLES/DISPLAY  DIAMETER 
FIGURE  15:  Frequency-response  functions  of  ele¬ 
ments  of  SC/CRT  system,  and  of 
over-all  system,  in  direction  of  rast¬ 
er  lines. 
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the  over-all  response  function  shown  in 
Fig.  15.  Note  that  the  spatial-frequency- 
cutoff  (limiting  resolution)  value  is  ap¬ 
proximately  the  same  as  for  the  DST. 
The  equivalent  bandpass  N..,  however, 
is  somewhat  higher;  namely,  177  cycles 
per  display  diameter. 

Resolution  in  the  direction  orthogonal 
to  the  raster  structure  is  a  function  of 
the  raster  line  number  and  of  the  fre¬ 
quency-response  functions  of  both  the 
SC  and  the  CRT.  Certain  restrictions 
are  placed  on  the  latter  to  ensure  that 
the  final  picture  exhibits  continuity  and 
thus  appears  to  the  observer  to  have  no 
more  than  a  minimal  superimposed  line 
structure.  Although  accounted  for  in  the 
analysis,  the  details  of  these  restrictions 
are  not  discussed  here,  because  they  do 
not  present  any  systems  problems  more 
complicated  than  underscanning  the  SC 
tube’s  storage  target  in  the  direction  or¬ 
thogonal  to  the  raster  structure.  This 
mode  is  necessary  to  modify  the  SC 
tube’s  frequency-response  function  in 
that  direction.  The  applicable  frequency- 
response  functions  and  their  cascaded 
product  are  shown  in  Fig.  16.  The  spa¬ 
tial-frequency-cutoff  value  is  compar¬ 
able  to  those  shown  previously  although 
the  equivalent  bandpass,  157  cycles  per 
display  diameter,  is  slightly  lower. 

In  the  preceding  discussion  it  was  as¬ 
sumed  that  display  resolution  in  the  di¬ 
rection  along  the  raster  lines  should  be 
approximately  equal  to  resolution  in  the 
perpendicular  direction.  For  many  types 
of  displays,  such  as  normal  TV  and  cen- 
tered-PPI  radar,  this  condition  is  de¬ 


sirable.  However,  in  sector-PPI  and  B- 
scan  radar-display  systems,  it  may  be 
undesirable,  because  a  radar  sensor  typ¬ 
ically  provides  higher  spatial-information 
content  in  the  range  direction  than  in 
the  azimuth  direction.  Consequently, 
the  systems  designer  may  consider  or¬ 
ienting  the  raster-line  direction  on  both 
SC  and  display  CRT  so  that  it  corres¬ 
ponds  to  the  direction  of  aircraft  motion. 
In  conjunction  with  this  orientation,  sys¬ 
tem  resolution  can  be  increased  in  the 
raster-line  direction,  at  the  expense  of 
amplifier  signal-to-noise  ratio,  by  an  in¬ 
crease  in  amplifier  bandpass  and/or  by 
use  of  amplifier  aperture  correction.  The 
merits  of  this  technique  depend  ulti¬ 
mately  upon  the  practical  ability  of  the 
observer’s  eye  to  accept  additional  de¬ 
tailed  information. 

Uniformity 

For  the  DST  approach,  the  uniform¬ 
ity  described  earlier  in  connection  with 
TV  displays  is  also  valid  for  radar  dis¬ 
plays.  For  the  SC/CRT  approach,  the 
non-uniformities  of  SC  and  CRT  de¬ 
vices  are  cascaded.  A  typical  non-uni¬ 
formity  characteristic  for  the  C22001 
Graphecon  is  shown  in  Fig.  17.  This  il¬ 
lustration  represents  the  output  signal 
corresponding  to  an  input-signal  se¬ 
quence  written  uniformly  across  a  di¬ 
ameter  of  the  storage  target.  The  level 
of  input-signal  drive  was  such  that  the 
output-signal  level  at  the  center  of  the 
storage  target  was  about  75  per  cent  of 
the  saturated-signal  level.  The  magni¬ 
tude  of  non-uniformity  is  approximately 
the  same  as  that  of  the  DST.  Unlike 
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SPATIAL  FREQUENCY-CYCLES /DISPLAY  DIAMETER 

FIGURE  16:  Frequency-response  functions  of  ele¬ 
ments  of  SC/CRT  system,  and  of 
over-all  system,  in  direction  perpen¬ 
dicular  to  raster  lines. 
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DST  non-uniformity,  however,  it  is  sym¬ 
metrical  and,  therefore,  amenable  to 
electrical  correction.  Such  electrical  cor- 


FIGURE  17:  Output-signal  uniformity  of  C22001. 


rection  can  consist  of  two  parts: 

1.  Background  shading  may  be  com¬ 
pensated  for  by  additive  mixing  of 
line  and  frame-rate  parabolic  wave¬ 
forms  with  the  signal  from  the 
SC  tube. 

2.  Signal  shading  may  be  compen¬ 
sated  for  by  modulation  of  the 
gain  of  the  preamplifier  system 
with  similar  parabolic  waveforms. 
The  only  performance  penalty  an¬ 
ticipated  is  a  decrease  in  ampli¬ 
fier  channel  signal-to-noise  ratio 
as  a  function  of  distance  from  the 
display  center.  Basic  signal-to- 
noise  ratio  of  the  SC/amplifier 
combination  is  quite  high,  as  indi¬ 
cated  in  a  later  section. 

The  uniformity  performance  of  the 
cascaded  SC/CRT  combination  is  es¬ 
sentially  equal  to  that  of  the  CRT  alone, 
if  the  preceding  compensation  is  applied. 
Persistence  (Storage)  Characteristics 

The  choice  of  persistence  (signal-de¬ 
cay  rate)  for  most  favorable  perform¬ 
ance  of  the  display  indicator  in  the  sec¬ 
tor  PPI-radar  mode  is  subject  to  the 
operator’s  preference.  However,  for 
ground  mapping  in  a  high-speed  air¬ 
craft,  there  should  be  little  carryover 
of  the  displayed  signal  from  azimuth 
scan  to  azimuth  scan.  If  such  carryover 
occurs,  the  result  is  a  smeared  presenta¬ 
tion.  For  this  reason,  the  assumption  is 
that  image  persistence  of  displayed  sig¬ 
nals  should  decay  to  about  10  per  cent 
in  one  azimuth  scan  cycle,  (in  this  case, 
two  seconds). 

With  regard  to  persistence,  there  is 
little  to  choose  between  the  DST  and 
the  SC/CRT  approaches.  In  both  cases, 
decay  time  may  be  controlled  over  fair¬ 
ly  wide  ranges.  In  the  DST  approach, 
decay  rate  is  controlled  by  adjustment 
of  the  erase-pulse  duty  factor.  With  the 
SC,  the  reading-beam  current  and/or 
the  storage-target  voltage  are  adjusted. 
The  shapes  of  both  decay  characteristics 
are  similar  over  normal  ranges  of  oper¬ 
ation.  In  this  respect,  Fig.  7  (DST)  may 
be  compared  with  Fig.  18  (SC).  In  both 
cases,  decay  rate  is  a  function  of  input 
signal  level,  i.e.,  decay  time  increases 
with  level  of  input  signal.  The  curves 
of  Fig.  18  show  how  SC  decay  rate  and 
characteristic  shapes  change  with  con- 

31 


ULl 


0  5  10  15  20  25 

TIME  FOLLOWING  SATURATED  WRITING-SECONDS 


FIGURE  18:  "Persistence’'  characteristics  of  C22001 


diameter.  Sometimes,  moire  effects,  re¬ 
sulting  from  the  presence  of  two  or 
more  mesh  screens  in  the  path  of  the 
writing  and  flood  beams,  introduce  co¬ 
herent  noise  at  a  spatial  frequency  great¬ 
er  than  100  cycles  per  display  diameter. 
The  level  of  coherent  noise  of  this  type 
is  such  that  a  reasonable  estimate  for 
DST  signal-to-peak-noise  ratio  is  10. 

Insignificant  coherent  noise  signals  in 
Graphecon-tvpe,  scan -converter  storage 
tubes  can  be  cancelled  readily.  (Refer 
to  the  previous  discussion  of  SC  uni¬ 
formity.)  Howedver,  noncoherent  noise 
is  introduced  into  the  SC  output  signal, 
primarily  in  the  first  stage  of  the  output 
preamplifier.  Although  coherent  and 
noncoherent  noises  in  a  display  do  not 
create  the  same  subjective  impression, 
it  may  be  of  interest  to  indicate,  for 
comparison,  the  signal-to-noise  ratio  of 
the  SC/CRT  system.  For  this  purpose, 
calculation  of  noise-signal  amplitude  in¬ 
volves  preamplifier  equivalent-input  re¬ 
sistance,  effective  output  capacitance  of 
the  SC,  and  amplifier  frequency-response 
function,  including  the  effect  of  aper¬ 
ture  correction,  if  employed.  The  curves 
of  Fig.  18  show  that  the  desired  persist¬ 
ence  characteristic,  i.e.,  the  decay  in 
signal  level  from  100  per  cent  to  10  per 
cent  in  two  seconds,  is  obtained  readily 
with  a  backplate  voltage  of  about  —6 
volts  and  an  initial  peak-signal  current 
of  1.0  micorampere.  Use  of  this  current 
value  in  Schade’s  Equation  78  (Refer¬ 
ence  1,  Part  3),  with  suitable  values  for 
the  other  parameters,  produces  a  signal- 
noise  ratio  for  a  theoretical  flat  channel 
expressed  as: 

2.13  x  I  x  10° 

[R]  ~  C  ( Rffq )  1/5  (Af)  3/3 

=  (2.13)  (10-*)  (10°) _ 

(46  x  10-*=)  ( 136)  1/3  (17  x  lO”)3'3  ~ 

This  value  now  is  modified  by  the 
factor  identified  by  Schade  as  Vm" 
(Table  XVIII,  Reference  1)  to  allow  for 
the  shape  of  the  amplifier  frequency- 
response  function.  For  this  purpose,  it 
is  assumed  that  the  shape,  as  shown  in 
Fig.  15,  includes  effects  of  peaking  but 
has  no  aperture  correction.  The  modi¬ 
fied  value  is  then  given  by: 


trol  parameters.  Normally,  backplate 
voltages  more  negative  than  about  —7 
volts  are  not  used  because  they  result 
in  the  saturation  (amplitude  compres¬ 
sion)  of  higher  level  input  signals,  even 
though  they  increase  the  decay  time. 
Signal-to-Noise  Ratio 

The  characteristics  of  a  storage  device 
can  influence  the  signal-to-noise  ratio  of 
a  radar-display  system  in  two  opposing 
ways.  First,  noise  introduced  within  the 
display  system  may  tend  to  obscure  low- 
amplitude  signals,  such  as  those  from 
ground  targets  of  low  radar  reflectivity. 
Second,  the  integrating  properties  of 
storage  devices  employed  in  radar-dis- 
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play  systems  may  be  used  to  improve 
the  detection  of  radar  signals  obscured 
by  radar-receiver  noise.  Noise  introduced 
by  display-system  components  is  con¬ 
sidered  first. 

As  noted  in  the  section  on  DST  uni¬ 
formity,  the  threshold  for  display  of 
low-level  signals  is  not  constant  as  a 
function  of  position  on  the  useful  dis¬ 
play  area.  (See  Fig.  5.)  Therefore,  low- 
level  signals  displayed  on  a  DST  may 
be  either  superimposed  on,  or  obscured 
by,  display-luminance  variations  that 
may  be  termed  coherent  noise.  These 
variations  usually  have  a  spatial  fre¬ 
quency  of  only  a  few  cycles  per  display 


Because  this  value  represents  peak 
signal-to-RMS  noise  ratio,  it  can  be  di¬ 
vided  by  six  to  obtain  an  approximate 
peak  signal-to-peak-noise  ratio  of  12.5 
for  the  SC/CRT  system. 

The  problem  of  weak-signal  detection 
in  air-to-air  radar  modes  of  operation 
must  now  be  considered.  In  this  situa¬ 
tion,  experience  suggests  that  the  gain 
of  input  amplifier  channels  is  best  set 
so  that  the  DST  or  the  SC  is  operated 
in  the  lower  mid-range  of  the  over-all 
transfer  characteristic.  Signals  obscured 
by  radar-receiver  noise  are  then  detected 
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by  the  integration  properties  of  the  stor¬ 
age  device.  Random  noise  pulses  charge 
the  storage  surface  to  a  level  lower  than 
that  of  the  radar-return  signals,  which 
are  coherent  over  several  range-scan  per¬ 
iods  because  of  finite  antenna  beam 
width.  Thus,  radar-return  signals  appear 
at  a  higher  output  level  than  does  the 
integrated  noise  pattern.  Detection  is 
improved  not  only  because  of  this  con¬ 
dition  but  also,  perhaps  equally,  because 
radar  signals  persist  longer.  No  attempt 
has  been  made  to  evaluate  quantitative¬ 
ly  the  relative  merits  of  the  DST  and 
the  SC/CRT  approaches  in  this  instance. 
However,  rough  operational  simulations 
of  the  two  approaches  have  been  set  up 
in  the  laboratory,  with  generally  similar 
results. 

Transfer  Characteristic 

The  over-all  transfer  characteristic  of 
the  DST  was  explained  in  the  section 
which  discussed  the  TV  display  prob¬ 
lem.  (See  Fig.  6.)  The  same  general 
characteristic  is  obtained  in  radar  modes, 
except  that  the  curve  is  compressed  in 
the  direction  of  the  input-drive  axis. 

A  measured  transfer  characteristic  for 
the  C22001  Graphecon  is  shown  in  Fig. 
19.  The  transfer  characteristic  of  the 
over-all  system  can  be  obtained  by  cas¬ 
cading  this  characteristic  with  that  of 
the  CRT  display  device  (Fig.  6)  and 
the  intervening  amplifier.  The  amplifier 
may  have  gamma  correction  at  the  op¬ 
tion  of  the  system  designer. 
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RELATIVE  DRIVE  VOLTAGE 
FIGURE  19:  Transfer  characteristic  of  C22001. 

Optimization  of  Components 

A  DST  designed  for  use  with  TV 
signals  is  quite  sensitive  to  changes  in 
operating  voltages,  such  as  writing-gun 
bias,  when  operated  in  a  radar  mode. 
To  a  first  approximation,  a  tube  de¬ 
signed  to  write  a  complete  picture  in 
1/30  second  at  a  given  level  of  writing- 
beam  current  requires  only  1/30  of  this 
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beam  current  when  operated  in  a  radar 
mode  having  an  azimuth-frame  time  of 
one  second.  Thus,  if  the  video-drive 
voltage  in  the  TV  mode  is  in  the  order 
of  30  to  40  volts,  video  drive  in  the 
radar  mode  must  be  decreased  to  a  level 
where  writing-gun  power-supply  hum 
voltages,  bias  shifts,  and  stray  control- 
grid-circuit  leakages  begin  to  influence 
the  quality  of  the  display.  Some  expe¬ 
dients  may  be  devised  to  alleviate  this 
problem,  e.g.,  the  use  of  cathode  degen¬ 
eration  in  the  radar  mode  or  the  use  of 
a  “tetrode”  writing  gun  in  which  ad¬ 
justment  of  the  screen- grid  voltage 
changes  the  effective  g.»  of  the  gun. 

The  need  for  fast  DST  erasing  speed 
in  the  TV  mode  of  operation  introduces 
still  another  problem  when  the  tube  is 
used  in  the  radar  mode.  Regardless  of 
the  method  used  to  minimize  erasing 
time,  i.e.,  high  floodbeam  current  dens¬ 
ity,  thick  storage  insulator,  or  steepened 
storage-mesh  transfer  characteristic,  each 
method  tends  to  increase  the  rate  at 
which  residual  gas  ions  counteract  the 
dynamic  erasing  process.  Because  gas 
ions  tend  to  concentrate  at  the  center 
of  the  display,  another  factor  is  intro¬ 
duced  which  can  lead  to  display  non¬ 
uniformity.  This  latter  display  effect  be¬ 
comes  more  pronounced  as  the  erase 
rate  is  decreased  to  prolong  viewing 
time. 

These  difficulties  show  that  a  DST 
(or  any  tube,  including  the  SC  storage 
tube)  which  is  designed  to  encompass 
a  wide  range  of  operating  conditions  is 
not  likely  to  give  optimum  service  over 
the  total  range.  With  the  SC/CRT  ap¬ 
proach,  the  individual  components  can 
be  tailored  for  operation  over  more  re¬ 
stricted  ranges:  the  CRT  optimized  to 
give  the  best  possible  TV  display;  the 
SC  optimized  to  give  the  best  service 
for  processing  radar-type  signals. 

Ease  of  Setup 

Setup  considerations  for  the  DST  were 
discussed  in  the  comparison  of  TV  dis¬ 
play  devices.  The  same  considerations 
apply  to  the  radar  mode  except  for  the 
increased  sensitivity  of  the  device  men¬ 
tioned  previously. 

Setup  of  the  Graphecon-type  SC  tube 
is  generally  easier,  not  only  because  the 
transefer  characteristic  can  be  tailored 
for  a  narrower  range  of  operation,  but 
also  because  there  is  no  requirement  for 
the  electron  beams  to  be  collimated. 

Summary 

The  foregoing  analysis  suggests  that 
display  of  radar  signals  can  be  handled 
at  least  as  effectively  by  the  SC/CRT 
approach  as  by  the  DST  approach.  In 
some  respects,  e.g.,  uniformity,  resolu¬ 
tion,  and  ease  of  setup,  the  SC/CRT 
approach  can  be  made  to  have  an  ad¬ 
vantage.  In  terms  of  the  number  of  sys¬ 
tem  components  and  possibly  in  power 
consumption  and  display  luminance,  the 


DST  approach  may  be  more  attractive. 
General  Summary 
Multi-Sensor  Displays  — 

Two  Approaches 

In  the  preceding  analyses,  an  attempt 
was  made  to  provide  the  systems  design¬ 
er  with  a  comparison  of  the  merits  of 
two  suggested  solutions  of  the  multi- 
sensor  display  problem.  The  assignment 
of  significance  to  the  several  individual 
factors  considered  is  not  within  the  ex¬ 
perience  of  tube  designers  and  fabrica¬ 
tors,  and  has  been  left  to  the  avionic- 
systems  expert.  However,  the  following 
observations  may  be  relevant: 

1.  The  SC/CRT  approach  appears  to 

offer: 

a)  Superior  display  quality  in 
short-persistence  modes  of  op¬ 
eration,  e.g.,  TV  modes, 

b)  At  least  an  equivalent  display 
quality  in  longer-persistence 
modes  of  operation,  e.g.,  radar 
modes, 

c)  Considerable  flexibility  for  fu¬ 
ture  system  modifications  and 
additions. 

2.  The  DST  approach  appears  to  of¬ 
fer: 

a)  Higher  luminance  output  in 
some  modes  of  operation, 

b)  Fewer  system  components, 

c)  System  space  and  weight  ad¬ 
vantages.  (Note:  This  advan¬ 
tage  is  valid  only  in  a  multi¬ 
sensor  system  having  a  single 
final  display  of  relatively  small 
size.  For  multiple  final  displays 
or  for  larger  single  displays, 
the  advantage  shifts  toward  the 
SC/CRT  approach.  The  use¬ 
ful  display  size  at  which  the 
advantage  shifts  is  not  well  de¬ 
fined,  but  it  is  probably  in  the 
range  of  6  to  10  inches.) 
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IBM  Graphic  Display  System 


by  Russell  J.  Houldin 


Abstract 

Computer  displays  with  graphic 
capabilities  have  added  a  new  di¬ 
mension  to  data  processing  by 
making  information  more  access¬ 
ible  and  more  easily  assimilated. 
Summaries,  graphs  and  charts  can 
be  quickly  retrieved  and  viewed  on 
many  screens  simultaneously.  Sev¬ 
eral  of  the  more  advanced  displays 
are  beginning  to  link  the  creativity 
of  man  and  the  calculating  power 
of  the  computer  for  design  applica¬ 
tions. 

The  IBM  Graphic  Displays  are 
among  such  versatile  systems  — 
extending  the  data  processing  pow¬ 
er  of  IBM  System/360  to  handle 
graphic  and  design  information  in 
scientific,  engineering  and  manage¬ 
ment  applications. 

Computer-programmed  line  draw¬ 
ings  and  alphanumerics  are  stored 
in  a  local  display  buffer  and  dis¬ 
played  on  a  21-inch  CRT.  Alpha¬ 
numeric  information  can  be  origi¬ 
nated  or  modified  off-line  from  the 
computer  by  a  keyboard.  Applica¬ 
tion-oriented  instructions  can  be 
sent  to  the  computer  by  an  over¬ 
lay-coded  Programmed  Function 
Keyboard.  A  light  pen  gives  the 
operator  detection,  tracking  and 
sketching  capabilities. 

The  display  systems  are  avail¬ 
able  in  models  for  single  or  multi¬ 
ple  console  installations.  Multiple 
installations  use  control  units,  each 
attaching  up  to  four  display  con¬ 
soles. 


Basic  Display  Characteristics 

The  display  area  of  the  CRT  is  12 
inches  square.  A  10-bit  X  and  Y  magnetic 
deflection  system  locates  the  beam  at  the 
intersections  on  a  grid  of  1024  by  1024 
raster  units.  A  P7  phosphor  was  chosen 
for  long  life  and  medium  image  fade 
out.  A  regeneration  rate  of  40  cps  was 
chosen  to  provide  a  flicker-free  image. 

Line  width  is  one  and  one-half  raster 
units.  Beam  deflection  velocity  is  held 
constant  to  achieve  uniform  intensity 
over  the  length  of  the  line.  Beam  de¬ 
flection  time  is  proportional  to  the  num¬ 
ber  of  raster  units  of  deflection  in  the 
direction  (horizontal  or  vertical)  of  great¬ 
est  beam  movement.  Four  data  bytes 
(32  bits)  are  required  to  define  each 
graphic  X-Y  coordinate. 

Buffering 

A  local  buffer  relieves  the  computer 
of  the  heavy  regeneration  workload  im¬ 
posed  by  a  CRT  display.  In  addition,  the 
buffer  is  used  with  the  character  gener¬ 
ator  and  alphanumeric  keyboard  to  as¬ 
semble  and  edit  messages  before  they 
are  transferred  to  main  computer  stor¬ 
age. 
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Vector  Generation 
Basic  graphic  capabilities  are  point 
plotting,  beam  positioning  and  drawing 
of  vertical  and  horizontal  lines  of  un¬ 
limited  length  and  45°  lines  of  limited 
length.  The  vector  graphics  feature  per¬ 
mits  a  straight  line  to  be  drawn  between 
any  two  X-Y  coordinate  addresses. 

Two  graphic  modes  are  available: 
absolute  and  incremental.  Information  in 
absolute  mode  is  drawn  to  the  coded 
X-Y  coordinates.  Incremental  mode  in¬ 
formation  is  coded  as  the  number  of 
raster  units  to  be  moved.  A  pattern 
coded  in  incremental  form  is  preceded 
by  an  absolute  positioning  coordinate. 
The  beam  then  traces  the  incremental 
mode  image  relative  to  the  absolute 
positioning  coordinate.  A  frequently-used 
pattern  can  be  coded  once  in  incremental 
mode  and  then  displayed  in  multiple 
locations  by  changing  the  absolute  posi¬ 
tioning  coordinate.  Point  plotting  in 
either  absolute  or  incremental  mode  is 
also  possible. 

Absolute  mode  deflections  may  be  of 
any  length  while  incremental  mode  de¬ 
flections  are  limited  to  63  raster  units. 
This  limitation  makes  it  possible  to  code 
each  incremental  beam  deflection  in  two 
data  bytes  (16  bits)  instead  of  the  four 
(32  bits)  required  for  absolute  mode 
deflections  —  doubling  the  number  of 
vectors  that  can  be  stored  in  the  local 
buffer  and  halving  the  access  time  re¬ 
quired  to  bring  each  vector  from  the 
buffer. 

Alphanumeric  Keyboard 
An  alphanumeric  keyboard  is  used  to 
compose  and  edit  messages.  A  variable 
number  of  storage  positions  can  be  re¬ 
served  by  the  programmer  for  message 
composition  from  the  keyboard.  When 
the  entire  message  is  composed,  dis¬ 
played  on  the  screen,  and  visually  veri¬ 
fied,  it  is  transferred  to  main  storage. 

A  symbol,  called  the  cursor,  is  shown 
on  the  CRT  to  identify  the  position  at 
which  the  next  character  from  the  key¬ 
board  will  be  displayed.  The  cursor  sym¬ 
bol  is  a  dash  and  is  displayed  beneath 
the  character  position  as  an  aid  to  the 
operator.  It  can  be  positioned  by  pro¬ 
gramming  or  by  using  the  keyboard. 

The  cursor  can  be  advanced  or  back¬ 
spaced  either  in  single-space  or  continu¬ 
ous  mode.  It  can  also  be  “jumped” 
through  an  entire  character  field  and 
intervening  graphic  into  the  next  char 
aeter  field. 

Character  Generation 
Characters  can  be  created  in  two 
ways: 


•  Having  the  computer  create  them 
out  of  individually-addressed  points 
or  vectors;  and  by 

•  Using  the  character-generator  fea¬ 
ture  to  translate  character  codes 
into  the  sequence  of  analog  signals 
needed  to  trace  them  on  the  CRT. 

The  character  generator  will  display 
a  font  of  63  characters  at  higher  speeds 
and  with  less  buffer  space  than  can  be 
executed  in  graphic  mode.  Each  char¬ 
acter  is  stored  in  the  buffer  as  a  single 
data  byte  (8  bits).  After  it  is  retrieved 
from  the  buffer,  the  character  is  de¬ 
coded  and  broken  down  into  a  sequence 
of  strokes  (straight-line  beam  deflec¬ 
tions)  by  a  logic  matrix. 

These  strokes  detine  the  end  points 
in  a  3-bit  X  and  Y  coordinate  system. 
They  also  drive  a  special  high-speed, 
magnetic-deflection  character  yoke  which 
modulates  the  field  generated  by  the 
main  graphic  yoke. 

To  draw  characters,  the  beam  is  first 
positioned  at  the  X-Y  coordinate  at  which 
the  first  character  is  to  appear.  The  first 
character  is  then  brought  from  the  buffer 
and  drawn  by  short,  high-speed  motions 
of  the  beam  under  control  of.  the  char¬ 
acter  yoke.  Upon  completion  of  the 
character,  the  beam  is  automatically 
spaced  to  the  starting  point  for  the 
next  character  in  the  line.  If  the  line  is 
filled,  the  beam  will  automatically  be 
positioned  at  the  first  character  position 
of  the  next  line. 

A  “New  Line”  code  can  be  used  to 
terminate  a  line  without  filling  it  up.  A 
“Null”  code  reserves  a  character  space 
in  the  buffer  which  is  invisible  to  the 
display.  It  is  used  for  deleting  letters 
or  words  without  leaving  gaps  in  the 
message. 

The  standard  set  of  characters  con¬ 
sists  of  63  alphabetical  and  numerical 
characters  and  special  symbols.  Either  of 
two  character  sizes  can  be  selected  by 
programming:  basic,  or  large  (1-1/2 
times  basic  size).  The  basic-size  char¬ 
acters  provide  3,848  character  positions 
on  52  lines  of  74  characters  each.  The 
large-size  characters  provide  1,715  char¬ 
acter  positions  on  35  lines  of  49  char¬ 
acters  each.  An  unlimited  number  of 
special  symbols  of  any  size  can  still  be 
formed  by  individually-addressed  points 
or  vectors. 

Keyboard  information  is  entered  di¬ 
rectly  into  the  display  buffer  for  each 
key  depression  and  then  displayed  to 
the  operator  via  the  character  generator. 
For  consoles  which  do  not  contain  the 
character-generator  feature,  the  keyboard 
information  is  returned  to  the  controlling 
computer.  The  characters  can  then  be 
coded  in  graphic  form  by  computer  pro- 
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TABLE  1:  Display  console  characteristics 

Characteristics 

2250  1 

2250  III 

Basic  Graphics 

Standard 

Standard 

Absolute  Vectors 

Optional 

Standard 

Incremental  Vectors 

Optional 

Standard 

Local  Buffer  Size 

4K  or  8K 

Note  2 

Local  Buffer  Access 

4  nsec  byte 

1.0  nsec  byte 

Character  Generator 

Optional 

Standard 

Alphanumeric  Keyboard 

Optional 

Optional 

Function  Keyboard 

Optional 

Optional 

Light  Pen  Detect 

Optional 

Standard 

Graphic  Design 

Optional 

Standard 

Number  of  Control  Units 

Note  1 

4  per  2840  II 

Cable  Length  (maximum) 

100  ft. 

2,000  ft. 

Notes: 

1.  Control  unit  built  in. 

2.  32K  shared  between  2250  Ill’s 

TABLE  2:  Quantity  of  vectors  or  characters  displayed 

Information 

2250  1 

2250  111(2) 

2250  111(4) 

Incremental  Vectors 

16  raster  units  2370 

2800 

2800 

31  " 

"  2300 

2400 

2400 

63  ’’ 

”  1730 

1825 

1825 

Absolute  Vectors 

16  " 

”  1340 

2125 

1400 

31  ” 

”  1340 

2070 

1400 

63  " 

"  1340 

1825 

1400 

127  " 

"  1200 

1250 

1250 

511  ” 

’’  465 

465 

465 

1023  " 

"  250 

250 

250 

Basic  Characters- 

2100 

2100 

2000 

Large  Characters- 

1750 

1750 

1650 

’The  2250  Ill's  are  separated  from  their  control  units  by  100  feet  of  cable. 
Performance  will  vary  with  cable  length.  The  regeneration  rate  is  40  cps. 

-The  message  used  was 

Lincoln’s  Gettysburg  Address. 

gramming  and  returned  to  the  console 
buffer  for  display. 

Programmed  Function  Keyboard 

The  Programmed  Function  Keyboard 
is  a  portable  32-button  unit  with  an  in¬ 
dicator  light  for  each  button.  The  indi¬ 
cators  are  set  by  computer  command  and 
can  be  used  to  instruct  the  operator 
which  functions  can  be  performed.  The 
function  of  each  key  and  indicator  is 
program-defined  by  interchangeable  cod¬ 
ed  overlays.  Key  and  light  functions  are 
identified  by  nomenclature  on  the  over¬ 
lays. 

Depression  of  a  button  causes  the  com¬ 


puter  to  be  interrupted  for  transmission 
of  the  button’s  code.  An  8-bit  binary  code 
punched  into  the  overlay  and  sensed  by 
switches  is  transmitted  to  the  computer 
at  the  same  time.  The  computer  then  acts 
on  the  displayed  image  as  directed  by  a 
subroutine  associated  with  the  overlay 
code  and  key  selected.  For  example,  the 
subroutine  might  direct  the  computer 
to  enlarge,  reduce  or  delete  the  image 
displayed. 

Light  Pen  Detection 
The  light  pen  —  a  hand-held,  pen-like 
device  —  permits  the  operator  to  identify 
a  character,  point  or  line  to  the  com¬ 


puter  for  subsequent  action.  When  the 
pen  is  pointed  at  a  portion  of  the  image 
and  enabled  with  a  switch,  the  address 
at  which  the  information  is  stored  in  the 
local  buffer  is  transmitted  to  the  com¬ 
puter.  The  computer  will  then  modify 
the  image  or  take  other  action  specified 
by  the  program. 

Graphic  Design 

Display  systems  with  graphic  design 
features  use  light  pen  buffer  orders 
to  accomplish  the  following  additional 
functions: 

•  Movement  of  incremental  mode 
images  with  a  tracking  symbol; 
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FIGURE  1:  A  possible  application  is  to  use  the 
light  pen  to  vary  the  load,  point  of 
load,  and  dimensions  of  a  beam. 
The  computer  then  determines  new 
shear,  moment,  and  deflection  val¬ 
ues,  and  plots  them  in  the  display. 


INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 


FIGURE  2:  An  engineer  demonstrates  the  dis¬ 
play  system's  ease  of  accessibility. 
Power  supplies  are  located  under 
the  CRT  yoke.  The  panels  on  either 
side  of  the  power  supplies  contain 
the  logic  and  analog  deflector  cir¬ 
cuits  which  swing  shut  after  servic¬ 
ing. 


•  Sketching  —  by  positioning  a  track¬ 
ing  symbol  and  entering  the  screen 
coordinates  into  the  buffer; 

•  Branching  to  other  buffer  locations; 
and 

•  Multiple  display  of  incremental¬ 
mode  images  stored  once  in  the 
buffer. 

Console  Organization 

The  2250  Model  III  display  console 
and  2840  Model  II  multiplex  control 
unit  are  used  together  in  multiple-con¬ 
sole  installations.  A  simplex  control  unit 
is  built  into  the  2250  Model  I  console. 
The  Model  III  will  be  described. 

Absolute  vector  data  bytes  are  accu¬ 
mulated  in  X  and  Y  assembly  registers 
at  the  display  console.  When  the  pre¬ 
vious  beam  motion  is  complete,  the  new 
coordinate  is  immediately  transferred 
from  the  assembly  registers  into  the  de¬ 
flection  registers,  and  another  graphic  co¬ 
ordinate  is  requested  from  the  buffer. 
Therefore,  the  time  required  to  bring  an 
X-Y  coordinate  from  the  buffer  largely 
can  be  ignored  since  it  is  overlapped 
with  beam  deflection  for  the  previous 
vector.  This  approximately  doubles  the 
number  of  vectors  that  can  be  displayed 
without  flicker. 

Incremental  vector  data  bytes  are  ac¬ 
cumulated  in  separate  registers  and  added 
to  the  contents  of  the  X-Y  deflection 
registers.  The  sums  are  accumulated  in 
the  assembly  registers.  The  remainder 
of  the  operation  is  the  same  as  for  ab¬ 
solute  vectors.  Obtaining  the  increment¬ 
al  vectors  and  computing  the  new  abso¬ 
lute  vector  coordinates  are  overlapped 
with  deflection  for  the  previous  vector. 

The  high-speed  character  yoke  modu¬ 
lates  the  beam  around  the  position  held 
in  the  X-Y  deflection  registers.  A  blanked 
absolute  vector  is  normally  used  to  posi¬ 
tion  the  beam  for  the  first  character.  The 
characters  are  broken  down  into  line 
segments  (strokes)  at  the  control  unit, 
and  are  transmitted  to  the  display  con¬ 
sole  one  stroke  at  a  time.  Each  stroke 
contains  three  bits  for  X  deflection,  three 
bits  for  Y  deflection,  a  blank/unblank 
bit  and  an  end  bit. 

A  “1”  in  the  end-bit  position  accom¬ 
panying  the  last  stroke  of  the  character 
starts  an  add  sequence  in  order  to  com¬ 
pute  the  position  of  the  next  character 
in  the  line.  When  the  add  is  complete, 
the  new  X  position  is  transferred  into 
the  X  deflection  register.  If  an  overflow 
out  of  the  X  adder  takes  place  —  indi¬ 
cating  that  the  line  is  full  —  the  X-deflec- 
tion  register  is  set  to  zero  and  a  Y  add 
is  initiated  to  position  the  beam  at  the 
first  character-position  of  the  next  line. 

The  line  can  be  terminated  prior  to 
overflow  by  placing  a  New  Line  code  in 
the  buffer.  The  control  unit  translates 
this  into  an  unique  stroke  code  which 
—  when  decoded  by  the  control  unit  — 
forces  an  X-adder  overflow.  Blank  and 


FIGURE  3:  The  2250  Model  I  main  control  logic 
is  in  servicing  position.  The  logic 
gates  swing  up  and  fan  out  for  ease 
of  servicing.  A  maintenance  panel 
provides  trouble-shooting  capability 
off-line  from  the  computer. 


FIGURE  4:  The  IBM  display  systems  are  direct- 
view  CRT  display  consoles  designed 
for  single-  or  multiple-console  in¬ 
stallations.  Multiple  units  can  be 
separated  from  their  control  units 
by  up  to  2000  ft.  of  cable.  Detec¬ 
tion,  tracking  and  sketching  can  be 
performed  with  a  light  pen. 
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FIGURE  5:  A  possible  application  is  to  con¬ 
struct  a  circuit  with  the  light  pen 
and  programmed  function  keyboard. 
Components  are  selected  from  the 
table  at  the  right  with  the  light  pen. 
The  circuit  location  is  identified  with 
the  pen  and  computer  action  is  in¬ 
itiated  through  function  keys. 


FIGURE  6:  The  display  shows  a  three-dimen¬ 
sional  view  of  the  structural  mem¬ 
bers  of  a  bridge.  Function  keys  are 
used  to  call  for  other  views  or  for 
expansion  or  contraction  by  the  com¬ 
puter. 


null  codes  are  also  sent  to  the  control 
unit  as  unique  stroke  codes.  The  blank 
code  causes  the  beam  to  space  to  the 
next  character  position,  while  the  null 
code  results  in  no  motion  of  the  beam. 

A  minimum  of  two  and  a  maximum  of 
nine  strokes  are  used  in  a  character. 
Using  a  variable  number  of  strokes  per 
character  keeps  display  time  to  a  mini¬ 
mum.  Consequently,  display  time  varies 
from  character  to  character. 

Button  and  overlay  codes  are  trans¬ 
mitted  from  the  Programmed  Function 
Keyboard  directly  to  the  computer  via 
the  control  unit.  The  keyboard  is  inter¬ 
rogated  by  the  control  unit  once  each 
regeneration  cycle;  if  a  button  has  been 
depressed,  an  interrupt  to  the  computer 
program  is  generated.  The  keyboard  indi¬ 
cator  lights  are  driven  from  a  register 
set  by  computer  command. 

Alphanumeric  keyboard  data  are  en¬ 
tered  into  the  control  unit  buffer  at  the 
address  occupied  by  the  cursor.  The  cur¬ 
sor  appears  as  a  solid  line  under  the  char¬ 
acter  which  will  be  replaced  by  the  next 
keyboard  entry.  An  unique  stroke  code 
preceding  the  cursor  strokes  causes  a 
dc  bias  current  to  be  sent  into  the  char¬ 
acter  yoke.  This  produces  a  downward 
shift  of  the  character  matrix  and  results 
in  the  cursor  being  displayed  under  the 
character.  One  bit  in  each  buffer  loca¬ 
tion  is  reserved  for  the  cursor.  The  cur¬ 
sor  bit  will  occupy  the  location  of  the 
character  under  which  it  is  to  be  dis¬ 
played.  Since  two  characters  are  stored 
in  each  buffer  location,  an  odd-even 
trigger  is  used  to  identify  the  character 
associated  with  the  cursor. 
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The  control  unit  interrogates  the  con¬ 
sole  for  alphanumeric  keyboard  data  once 
each  regeneration  cycle.  If  a  key  has 
been  depressed,  the  characted  stored  at 
the  buffer  location  occupied  by  the  cur¬ 
sor  is  replaced  by  the  keyboard  data 
entered,  the  odd-even  trigger  is  comple¬ 
mented  and  the  cursor  is  moved  to  the 
next  higher  buffer  address. 

Advance,  backspace  and  jump  keys 
produce  cursor  motion  without  altering 
the  message.  The  end  and  cancel  keys 
transmit  control  information  to  the  com¬ 
puter.  The  end  key  indicates  that  the 
message  is  complete,  while  the  cancel 
key  requests  that  the  data  field  be 
erased. 

The  graphic-design  light  pen  collects 
light  emitted  by  the  CRT  phosphor  and 
pipes  it  through  a  fiber  bundle  to  an 
amplifier  located  in  the  console  frame. 
A  detection  signal  is  sent  to  the  control 
unit  which  then  takes  action  in  accord¬ 
ance  with  the  program  stored  in  the 
buffer.  Light-pen  tracking  and  sketch¬ 
ing  can  be  performed  without  computer 
interraction.  Entire  range  entities  coded 
in  incremental  mode  can  be  moved  on 
the  screen  via  the  tracking  symbol.  An 
image  entity  can  be  identified  to  the 
computer  program  for  action,  expansion 
or  contraction  for  example,  by  trans¬ 
mitting  the  buffer  address  of  the  image 
entity  to  the  computer. 

Control  Unit  Organization 

The  control  unit  contains  the  System/ 
360  data  channel  controls,  a  32k-byte 
buffer,  a  character-stroke  generator  and 
multiplex  control  logic.  Any  portion  of 


the  buffer  can  be  assigned  to  any  at¬ 
tached  console.  Each  console’s  location 
in  its  display  program  is  maintained  in 
its  own  buffer  address  register.  The  ad¬ 
dress  register  contents  are  modified  by 
a  common  buffer-address  counter  which 
can  be  incremented  or  decremented. 
Image  regeneration  is  started  or  stopped 
independently  for  each  console  by  com¬ 
puter  command.  An  unconditional  trans¬ 
fer  order  at  the  end  of  each  display 
program  starts  the  next  frame  of  the 
image. 

The  execution  time  required  to  dis¬ 
play  a  flicker-free  image  is  25  milli¬ 
seconds.  Images  requiring  less  than  this 
amount  of  display  time  will  be  held  to 
a  40-cps  regeneration  rate  and  there¬ 
fore  to  a  constant  intensity  by  a  special 
buffer  order  called  the  set  regeneration 
timer  (SRT).  This  order  must  be  stored 
in  the  buffer  as  part  of  each  image. 
Each  SRT  starts  a  25-millisecond  timer 
which  is  sampled  the  next  time  an  SRT 
order  is  decoded.  Program  execution  is 
delayed  after  each  SRT  until  the  25 
milliseconds  has  elapsed. 

The  consoles  share  buffer  cycles 
through  interleaved  accesses  to  the  buf¬ 
fer.  Buffer  access  time  is  2.0  microsec¬ 
onds  per  byte  pair.  Each  order  requires 
one  or  more  buffer  accesses,  each  abso¬ 
lute  vector  two  accesses,  each  incre¬ 
mental  vector  one  access  and  each  char¬ 
acter  one  access.  Each  console  is  polled 
sequentially  for  buffer  service  requests 
to  assure  equal  priority.  Buffer  access 
for  one  console  and  polling  for  the  next 
service  request  takes  place  concurrently. 
This  effectively  eliminates  polling  de- 
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lays.  In  periods  of  heavy  regeneration  de¬ 
mand,  buffer  efficiency  will  approach 
100  percent. 

Data  is  transmitted  directly  to  the 
console  one  byte  (or  stroke)  at  a  time. 
Characters  are  held  in  buffer  registers 
and  translated  into  strokes  for  trans¬ 
mission  to  the  console.  The  stroke  gen¬ 
erator  is  multiplexed  between  consoles 
in  the  same  manner  as  the  buffer.  A 
separate  clock  and  polling  ring  is  used 
in  order  that  the  stroke  generator  can 
function  independently  of  the  buffer 
and  generate  strokes  concurrently  with 
buffer  access  for  another  console. 

Graphic  data  is  also  held  in  buffer 
registers  until  it  can  be  transmitted  to 
the  consoles.  Transmission  is  over  the 
same  lines  as  used  for  strokes  and  is 
controlled  by  the  stroke-generator  clock 
and  polling  ring.  This  was  done  to  mini¬ 
mize  the  number  of  registers,  controls 
and  transmission  lines  required. 

Transmission  of  data  to  and  from  each 
console  is  over  a  coaxial  cable  which 
can  be  up  to  2000  feet  in  length.  This 
allows  the  consoles  to  be  located  in 
actual  work  areas  rather  than  be  re¬ 
stricted  to  the  computer  room.  Con¬ 
venience  to  the  operator  is  a  necessity 
if  the  consoles  are  to  be  used  for  every¬ 
day  design  jobs.  Because  of  the  expense 
of  a  2000-foot  cable,  the  number  of 
signal  lines  was  held  at  20.  This  was 
accomplished  by  designing  a  computer- 
type  interface  with  separate  order,  con¬ 
trol  and  data  lines. 

Orders  are  placed  on  the  lines  in  a 
five-bit  binary  code.  Enter-basic-character 
mode  and  enter-incremental-point  plot 
mode  are  examples.  Control  signals  are 
not  coded  and  require  one  line  per  func¬ 
tion.  Examples  are  data  sampling  pulses 
sent  to  the  console  and  light  pen  re¬ 
sponses  returned  to  the  control  unit. 
Nine  of  the  lines  are  used  for  data  trans¬ 
mission  (eight  data,  one  parity)  in  either 
direction.  Over  these  lines,  character, 
graphic  and  function  keyboard  indicator 
bytes  are  sent  to  the  console  and  key¬ 
board  and  console-status  information  is 
sent  to  the  control  unit.  The  status  byte 
is  returned  to  the  control  unit  in  re¬ 
sponse  to  a  Read  Status  command  once 
every  regeneration  cycle.  This  byte  is 
used  to  inform  the  control  unit  that  a 
keyboard  operation  has  taken  place  or 
that  a  parity  error  has  been  detected. 

Regeneration  Timings 

The  execution  time  of  a  display  pro¬ 
gram  is  determined  by  order-execution, 
time,  data-display  time  and  buffer-access 
time.  The  number  of  consoles  operation 
simultaneously  and  the  length  of  cable 
between  each  console  and  the  control 
unit  will  also  affect  the  operation  of 
multiple-console  systems. 

The  execution  time  required  for  the 
control  order  portion  of  a  program  can 
be  approximated  by  summing  the  num- 
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FIGURE  7:  Overlays  labeled  for  specific  applica¬ 
tions  can  easily  be  slipped  on  to 
the  32-button  programmed  function 
keyboard.  The  computer  identifies 
an  overlay  from  its  own  code  punch¬ 
ed  into  the  edge  where  it  is  sensed 
by  switches  (concealed  by  the  dark 
frame).  As  many  as  256  different 
overlays  can  be  used. 


FIGURE  8:  Results  of  an  experiment  are  dis¬ 
played  as  points  and  a  curve  is 
fitted  to  them  by  the  computer. 
Points  deviating  so  far  from  expect¬ 
ed  values  as  to  be  questionable 
can  be  deleted  with  the  light  pen 
and  a  new  curve  computed. 


her  of  order  byte-pairs  and  multiplying 
the  total  by  buffer-access  time.  The  dif¬ 
ference  between  this  and  25  milliseconds 
is  the  time  available  for  actual  image 
display.  It  is  therefore  desirable  to 
minimize  the  number  of  orders  in  each 
display  program. 

Beam  positioning  time  can  he  deter¬ 
mined  from  the  following  formulas: 

1.  N  <  16 

Positioning  time  =  8  microseconds 

2.  N  >  16 

Positioning  time  —8  -j-  92 
(N  -  16)  microseconds 
1007 

FIGURE  9:  The  2250  III  display  console  con¬ 
tains  the  logic,  magnetic  deflection 
system,  manual-input  devices  and 
power  supplies.  Adders  are  used  to 
compute  the  next  character  position 
and  to  convert  incremental-mode 
vectors  into  absolute  X-Y  screen  co¬ 
ordinates.  Accumulation  of  the  next 
vector  in  the  assembly  registers  is 
overlapped  with  beam  deflection  for 
the  previous  vector. 


PROGRAMMED 

FUNCTION 

KEYBOARD 


Where: 

N  equals  the  number  of  raster  units 
of  the  axis  (X  or  Y)  having  the  greater 
change.  For  example,  when  the  X-axis 
change  is  100  raster  units  and  the  Y- 
axis  change  is  1023  raster  units  (full¬ 
screen  deflection )  then  N  is  equal  to 
1023. 

For  points,  add  one  microsecond  to 
beam-positioning  time  to  allow  for  in¬ 
tensification  after  beam  motion  has  been 
completed. 

The  formulas  can  be  used  directly 
to  compute  the  time  to  reposition  the 
beam  to  the  start  of  a  new  line  when  in 
character  mode.  However,  when  in 
graphic  mode,  the  beam-positioning  time 
is  not  always  equivalent  to  actual  elapsed 
time  between  adjacent  beam  deflections 
and  cannot  be  used  in  computing  exe¬ 
cution  time  for  a  display  program.  Ob¬ 
taining  the  next  graphic  mode  X-Y  co¬ 
ordinate  is  overlapped  with  beam  motion 
for  the  X-Y  coordinate  being  displayed. 
This  time  includes  polling  for  buffer- 
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service  requests,  buffer  access  decision 
and  data-low  logic  delays  and  cable 
delays.  The  sum  of  these  delays  often 
exceeds  beam-positioning  time  for  short 
deflections  and  results  in  a  wail  be¬ 
tween  adjacent  beam  motions. 

Character-execution  time  is  dependent 
upon  the  number  of  strokes  required 
to  draw  the  character.  An  average  of  six 
strokes  is  required  for  each  visible  char¬ 
acter.  Spacing,  null  and  new  line  “char¬ 
acters”  are  each  equivalent  to  a  one- 
stroke  visible  character.  A  text  message 
with  a  normal  complement  of  spaces  will 
average  five  strokes  per  character  posi¬ 
tion.  The  time  required  to  return  lo  the 
beginning  of  a  new  line  can  be  com¬ 
puted  from  the  beam-positioning  for¬ 
mula.  For  practical  purposes,  total  mes¬ 
sage-return  time  is  proportional  to  the 
number  of  characters  in  a  message  and 
is  independent  of  the  number  of  lines 
used.  This  assumes  that  all  lines  start 
at  the  left-hand  margin  and  that  new- 
line  “characters”  terminate  each  line 
"ter  the  last  visible  character. 
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No.  1  No.  2  No.  3  No.  4 


FIGURE  10:  The  2840  Model  II  control  inter¬ 
faces  with  a  System/360  computer 
data  channel.  It  time-shares  a  buff¬ 
er  and  stroke  generator  among  the 
2250  Model  III  display  consoles. 
Two  to  four  consoles  can  be  at¬ 
tached.  The  control  system  is  asyn¬ 
chronous  in  order  to  avoid  delays 
for  consoles  not  requiring  buffer  or 
stroke  generator  service. 


FIGURE  11:  The  letter  "F”,  superimposed  on  an 

Characteristics 

Character  Size 
Basic  |  Large 

X-Y  grid,  shows  a  typical  character- 
stroke  format.  Four  strokes  are  re¬ 

Height 

0.16'' 

0.24" 

quired  (their  end  points  have  been 
numbered).  The  binary  information 

Width 

0.12" 

0.18" 

delineating  the  beam’s  coordinates 
are  contained  in  the  character-stroke 

PositionsAine 

74 

49 

table.  The  1  in  the  “B”  column 
shows  that  the  beam  is  blanked  on 
stroke  3  while  retracing  a  line. 

Lines 

52 

35 

40 
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Editor’s  Note 

This  article  is  an  initial  draft  of 
the  first  portion  of  Chapter  7,  "Re¬ 
cording  Media”,  of  the  book,  Dis¬ 
play  Systems  Engineering,  by  H.  R. 
Luxenberg  and  R.  L.  Kuehn,  which 
is  to  be  published  in  the  spring  of 
1967  by  McGraw-Hill;  it  is  pre¬ 
printed  here  by  permission  of  the 
publisher.  The  remainder  of  the 
chapter  deals  with  image  resolu¬ 
tion,  image  contrast,  and  sensitom- 
etry,  and  is  fully  annotated. 


Introduction 

This  chapter  will  discuss  certain  se¬ 
lected  methods  by  which  computer  gen¬ 
erated  information  may  be  prepared  in 
hard  copy  form  for  any  of  a  number 
of  reasons.  These  reasons  include  im¬ 
mediate  viewing,  storage  for  delayed 
viewing,  dissemination  for  remote  view¬ 
ing,  generation  of  a  reproducible  master 
for  mass  reproduction,  or  to  serve  as  an 
intermediate  in  a  film-based  group  dis¬ 
play  system. 

The  hard-copy  material  may  be  clear, 
translucent  or  opaque,  of  metal,  paper, 
or  plastic.  It  may  or  may  not  require 
a  specially  sensitized  or  treated  surface, 
and  may  range  in  size  from  a  16  mm 
frame  to  a  75  x  100  cm  (or  larger) 
sheet. 

Viewing  may  be  either  by  direct 
(front)  lighting,  rear  illumination,  or 
projection  by  reflection  or  transmission. 

Reproducible  masters  may  be  com¬ 
puter  prepared  for  any  of  the  major 
means  of  reproduction,  e.g.  litho  (direct 
or  offset)  relief,  intaglio,  stencil,  spirit, 
diazo,  dye  transfer  or  electrostatic,  in 
some  cases  directly,  in  others  with  the 
aid  of  one  of  the  standard  graphic  arts 
procedures. 

The  copy  may  be  either  monochro¬ 
matic  or  full  color,  miniaturized  for  op¬ 
timum  storage,  hand  holdable  or  wall 
size,  and  may  have  a  full  grey  scale 
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( either  by  inherent  continuous  tone 
properties  or  by  screening)  or  only  a 
binary  grey  scale. 

The  topics  to  be  covered  are: 

1.  Methods  of  Recording 

2.  Silver  Halide  Materials  and  Pro¬ 
cesses 

3.  Non  Silver-Halide  Materials  and 
Processes 

4.  Characteristics  of  Recording  Media 

Methods  of  Recording 

Generation  of  hard  copy  may  be  whol¬ 
ly  mechanical,  either  digitally  as  by 
driving  type  hammers,  or  analog,  as  by 
driving  an  inked  pen  or  an  engraving 
scriber.  Generation  might  be  optome¬ 
chanical,  where  a  beam  of  light  is  me¬ 
chanically  deflected  over  the  surface  of 
a  photosensitive  surface.  The  deflection 
may  be  electro-optical  rather  than  me¬ 
chanical.  The  recording  might  be  elec¬ 
trical  (as  in  some  facsimile  processes), 
magnetic  (as  in  magnetostatic  record¬ 
ing),  or  thermal  (where  a  heated  stylus 
is  used  to  produce  a  physical  or  chemi¬ 
cal  change  in  a  recording  medium). 

The  primary  concern  here,  however, 
will  be  electronic  recording  methods,  in 
which  an  electron  beam  is  deflected  to 
trace  out  the  desired  information.  Two 
principal  means  of  electronic  recording 
will  be  covered.  These  are: 

1.  Direct  beam  recording 

2.  Indirect  (optical)  recording 

In  the  first  the  electrons  are  deposited 
directly  on  the  recording  surface,  and 
the  image  is  “developed”  by  any  of  a 
number  of  means.  In  the  second  method 
the  electron  beam  activates  a  phosphor 
and  the  resulting  light  pattern  is  re¬ 
corded  on  a  photo-sensitive  medium. 
These  two  classes  of  electronic  beam 
recording  will  be  discussed  in  greater 
detail  in  the  following  sections. 

Direct  Beam  Recording 

Electrons  may  be  deposited  on  a  non¬ 
conducting  surface  by  a  cathode-ray 
tube  envelope,  or,  more  practically,  by 


bringing  the  electrons  through  the  face 
plate  along  fine  wires  embedded  in  the 
glass  surface.  The  latter  approach  is 
simpler  to  implement. 

The  wires  may  be  arranged  in  a  2- 
dimensional  array  so  that  the  entire 
image  may  be  formed  at  a  single  “ex¬ 
posure”,  or  the  wires  may  be  arranged 
in  a  linear  array,  with  the  receiving 
material  moved  in  synchronism  with  the 
electron  beam  scan.  Since  provision  must 
be  made  to  transport  the  receiving  ma¬ 
terial  past  the  face  plate  for  successive 
recordings,  the  linear  array  is  more 
widely  used  as  it  permits  a  continuous 
rather  than  an  intermittent  type  trans¬ 
port  to  be  used. 

The  electron  pattern  is,  of  course, 
not  visible  but  must  be  “developed”.  A 
discussion  of  development  techniques 
will  be  deferred  to  a  later  section,  where 
the  related  photoelectrostatic  techniques 
are  discussed. 

Since  direct  beam  recording  is  essen¬ 
tially  a  contact  process,  the  maximum 
image  size  is  limited  by  the  dimensions 
of  the  cathode-ray  tube  face  plate.  Most 
cathode-ray  tubes  made  for  direct  beam 
recording  have  a  rectangular  face  plate 
with  a  large  aspect  ratto,  10:1  or  great¬ 
er,  and  use  either  a  linear  array  or  at 
most,  a  matrix  of  seven  to  ten  lines  of 
wires  so  that  a  complete  line  of  text 
may  be  imaged  at  one  time. 

Indirect  (Optical)  Recording 

In  the  indirect  (optical)  recording 
methods,  the  visible  image  on  the  phos¬ 
phor  face  plate  of  the  cathode-ray  tube 
is  recorded  on  a  photosensitive  medium. 
Since  most  of  the  generally  used  photo¬ 
sensitive  media  are  sensitive  only  to  the 
blue  and  ultraviolet  portions  of  the 
spectrum,  special  cathode-ray  tubes  with 
ultra-violet  output  phosphors  and/or 
ultra-violet  transmitting  quartz  face 
plates  are  required  or  preferred  in  many 
recording  applications. 

As  will  be  discussed  in  detail  below 
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many  sensitized  materials  are  so  slow 
that  only  “contact”  printing  is  possible. 
For  this  purpose  special  cathode-ray 
tubes  are  available  with  fibre  optics  face 
plates.  The  fibres  may  be  arranged  eith¬ 
er  linearly  or  in  a  rectangular  matrix, 
as  are  the  wires  in  the  direct  beam  re¬ 
cording  tubes.  The  fibres  “transfer”  the 
image  from  the  phosphor  backing  of 
the  face  plate  to  the  front  surface  for 
maximum  resolution. 

For  optical  printing,  as  opposed  to 
contact  printing,  conventional  face 
plates  are  preferred,  for  maximum  im¬ 
age  linearity. 

Silver  Halide  Materials 

The  best  known  of  the  photosensitive 
recording  materials  is  the  conventional 
silver  halide  type.  It  is  by  far  the  most 
sensitive  and  versatile  of  all  available 
materials  and  it  is  available  in  a  wide 
range  of  spectral  characteristics,  speeds 
and  resolving  powers,  as  well  as  having 
full  color  capabilities.  For  these  reasons 
it  is  the  most  widely  applicable  of  all 
photosensitive  media.  The  following  sec¬ 
tions  describe  the  capabilities  of  silver 
halide  materials  from  the  standpoint  of 
the  display  systems  engineer.  For  addi¬ 
tional  information  the  reader  is  referred 
to  the  classic  texts  of  Neblette  ( 1 )  and 
Mees  (2). 

Silver  halide  emulsions  consist  of  a 
dispersion  of  silver  halide  crystals  in 
gelatin.  Negative  emulsions  contain  var¬ 
ious  proportions  of  silver  bromide  and 
silver  iodide.  Positive  emulsions  contain 
various  proportions  of  silver  chloride 
and  silver  bromide  crystals.  The  crystals 
range  in  size  from  sub-microscopic  to 
around  5  microns.  The  speed  of  the 
emulsion  varies  directly  with  the  parti¬ 
cle  size;  the  image  resolution,  of  course, 
varies  inversely  with  crystal  size. 

Silver  halide  crystals  themselves  are 
sensitive  only  to  light  in  the  near  ultra¬ 
violet,  violet  and  blue  regions  of  the 
spectrum.  The  addition  of  properly  se¬ 
lected  dyes  to  the  emulsion  will  extend 
the  spectral  sensitivity  of  the  emulsion 
(to  cover  the  entire  visible  spectrum 
and  the  near  infrared)  since  the  light 
energy  absorbed  by  the  dyes  is  trans¬ 
ferred  to  the  silver  halide  crystals. 

The  effect  of  light  on  a  silver  halide 
crystal  is  the  decomposition  of  portions 
of  the  silver  halide  crystal  so  that  ex¬ 
posed  crystals  contain  atoms  of  free  sil¬ 
ver.  With  certain  print-out  emulsions 
the  image  is  directly  visible,  but  very 
long  exposures  are  required.  In  order 
to  reduce  exposure  requirements,  the 
energy  required  to  render  the  latent  im¬ 
age  visible  is  added  by  a  developer. 

Conventional  Development 

In  conventional  development,  the  ex¬ 
posed  silver  halide  grains  are  chemically 
reduced  to  silver.  Actually  all  of  the 
grains  will  be  reduced  to  silver  with  suf¬ 
ficiently  long  development,  but  those 
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exposed  crystals  which  contain  silver 
specks  are  reduced  most  rapidly  by 
many  orders  of  magnitude.  The  devel¬ 
opment  of  unexposed  crystals  produces  a 
background  density  referred  to  as  fog. 

After  development,  the  image  is 
“fixed”  by  converting  the  undeveloped 
silver  halides  into  water  soluble  com¬ 
pounds  and  washing  these  away,  to  ren¬ 
der  the  image  permanent. 

Two  Stage  Development 

In  conventional  development,  precise 
control  of  time,  temperature  and  replen¬ 
ishment  rates  is  required  to  obtain  pre¬ 
dictable  and  repeatible  results.  An  alter¬ 
nate  approach  is  the  use  of  a  two  stage 
developer.  In  this  approach  the  exposed 
film  is  first  saturated  with  a  solution 
containing  most  of  the  developing  com¬ 
ponents.  When  the  gelatin  has  been 
saturated  with  this  solution,  the  film 
is  transferred  to  an  activator  solution, 
usually  an  alkali,  which  enables  the  ab¬ 
sorbed  developing  agents  to  operate  to 
completion.  Time  and  temperature  con¬ 
trol  is  not  critical  since  the  process  is 
allowed  to  proceed  to  completion,  and 
replenishment  is  not  required  since  the 
development  products  do  not  contamin¬ 
ate  the  more  critical  first  solution.  Fix¬ 
ing  is  done  as  in  the  conventional  pro¬ 
cess.  The  two  developing  solutions  are 
extremely  stable  and  have  very  long 
shelf  and  operational  lives. 

Activator/Stabilizer  Development 

This  approach  is  related  to  the  two- 
stage  development  except  that  here  the 
emulsion  is  saturated  with  the  develop¬ 
ing  ingredients  before  exposure,  usually 
during  manufacture.  The  activator  is 
generally  an  alkali,  as  in  the  two-stage 
process.  Development  by  activation  is 
in  the  order  of  seconds,  and  the  pro¬ 
cess  is  thus  nearly  dry  (“damp-dry”) 
since  little  moisture  is  absorbed  by  the 
gelatin.  To  maintain  this  “damp-dry” 
advantage,  conventional  fixing  and  wash¬ 
ing  is  not  customarily  used.  Instead  a 
stabilizer  is  used  which  renders  the  un¬ 
exposed  silver-halide  crystals  insensitive 
to  light.  The  entire  activator/stabilizer 
process  can  be  performed  within  a  few 
seconds.  Films  which  are  to  be  used 
with  this  process  must  not  have  the 
opaque  anti-halation  backing  found  on 
many  films  since  this  will  not  be  re¬ 
moved  during  processing.  The  images 
are  not  archival,  but  have  a  useful  life 
measured  in  months.  Archival  quality 
can  be  obtained  by  conventional  fixing 
and  washing,  at  a  later  time. 

Monobath  Development 

In  this  development  technique  a  single 
solution  containing  both  the  developing 
and  fixing  agents  is  used.  While  the  de¬ 
veloper  is  reducing  the  exposed  grains 
to  metallic  silver,  the  fixer  is  converting 
the  unexposed  grains  to  a  water  soluble 
compound  and  carrying  them  into  solu¬ 
tion.  This  process  is  generally  allowed 


to  proceed  to  completion,  but  time  and 
temperature  control  may  be  used  to  vary 
the  image  contrast  as  desired. 

Reversal  Processing 

Films  processed  by  any  of  the  pre¬ 
ceding  methods  have  negative  images; 
that  is,  highlights  and  shadows  are  re¬ 
versed  from  those  in  the  original  scene. 
To  obtain  a  positive  image  without  the 
need  for  a  second  generation  image,  re¬ 
versal  processing  is  used.  In  reversal 
processing  the  image  is  developed  as  in 
conventional  processing.  The  reduced 
silver  is  bleached  away.  The  entire  im¬ 
age  area  is  then  uniformly  exposed  to 
render  all  previously  unexposed,  and 
hence  undeveloped  silver  halide  grains 
developable.  The  film  is  then  developed 
to  completion.  While  fixing  is  not  whol¬ 
ly  necessary,  it  is  generally  performed 
for  archival  quality,  particularly  when 
the  second  development  is  not  allowed 
to  proceed  to  completion.  In  one  appli¬ 
cation  of  reversal  processing  to  projec¬ 
tion  displays,  only  three  solutions  are 
used.  The  first  is  a  developer,  the  sec¬ 
ond  the  silver  bleach,  and  the  third  is 
a  monobath  containing  both  developer 
and  fix.  The  film  is  projected  immedi¬ 
ately  upon  removal  from  the  bleach 
(thus  providing  the  overall  second  ex¬ 
posure  required)  in  a  liquid  gate  for 
cooling.  The  circulating  fluid  contains 
the  monobath  and  the  image  is  devel¬ 
oped  during  projection  within  a  second 
or  two. 

An  interesting  sidelight  on  reversal 
processing  is  the  lower  graininess  and 
sharper  image  of  a  reversal  processed  as 
compared  to  a  negative  processed  im¬ 
age.  This  is  because  an  emulsion  con¬ 
tains  silver  halide  crystals  of  a  range 
of  sizes.  The  “fastest”  crystals  are  the 
large  crystals.  These  are  the  ones  de¬ 
veloped  during  the  first  development. 
Thus  the  grams  forming  the  reversed 
image  are  the  finer  grains  in  the  emul¬ 
sion. 

Two  additional  methods  for  obtaining 
non-reversed  silver  halide  images  with¬ 
out  the  additional  steps  required  in  re¬ 
versal  processing  are  the  auto-positive 
and  the  photo  solubilization  techniques. 
One  disadvantage  of  these  methods,  at 
least  from  the  display  standpoint,  is  the 
reduced  speed  of  the  materials. 

Autopositive  materials  depend  upon 
the  Herschel  effect  for  their  behaviour. 
The  Herschel  effect  is  the  name  given 
to  the  ability  of  long  wave  radiation  be¬ 
yond  the  normal  spectral  sensitivity  of 
the  emulsion  to  “destroy”  a  latent  image 
produced  by  shorter  wave  radiation.  In 
practice,  a  blue  sensitive  material  is  first 
thoroughly  pre-exposed.  The  desired  im¬ 
age  is  exposed  with  yellow  light  and  the 
film  is  then  processed  normally,  to  pro¬ 
duce  a  direct  positive. 

A  variant  autopositive  process  makes 
use  of  the  solarization  effect,  in  which 
a  severe  over-exposure  of  radiation  to 
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which  the  emulsion  is  sensitive  will  ac¬ 
tually  inhibit  the  developability  of  the 
exposed  crystals,  thus  producing,  in  ef¬ 
fect,  the  equivalent  of  non-exposure. 

The  photosolubilization  process  de¬ 
pends  upon  the  increased  solubility  of 
exposed  silver  halide  crystals  (over  non 
exposed  crystals)  in  the  fixing  solution. 
This  effect  may  be  strongly  enhanced 
by  the  incorporation  of  certain  additives 
in  the  emulsion. 

Photosolubilization  processing  involves 
“fixing”  the  image  first,  in  total  dark¬ 
ness,  then  developing  in  bright  light. 
The  fix  dissolves  the  silver  halide  grains 
at  a  rate  proportional  to  the  amount  of 
exposure.  The  remaining  (originally  un¬ 
exposed)  grains  are  then  fully  exposed, 
and  when  developed,  produce  a  posi¬ 
tive  image.  Post-development  fixing  is 
thus  not  required.  Photosolubilization  re¬ 
quires  a  developer  and  fix,  as  in  con¬ 
ventional  processing,  but  these  are  used 
in  the  reverse  order! 

A  quasi-reversed  image  may  be  pro¬ 
duced  by  treating  a  negative  with  a 
combination  yellow  toner  and  bleach. 
The  block  silver  image  is  thereby  re¬ 
placed  with  a  yellow  dye  image.  This 
yellow  image  remains  a  satisfactory  neg¬ 
ative  for  printing  on  blue  sensitive  ma¬ 
terials.  When  placed  on  a  matte  black 
background  and  viewed  by  reflected 
light,  the  yellow  negative  appears  as  a 
black  and  yellow  “positive”. 

Negatives  may  be  projected  as  posi¬ 
tives  by  making  use  of  the  temperature 
sensitive  characters  of  fluorescent  ma¬ 
terials.  By  projecting  the  negative  with 
a  source  rich  in  infrared  radiation  on  a 
fluorescent  screen  uniformly  illuminated 
by  ultraviolet  light,  a  positive  image  is 
foimed.  The  dark  areas  of  the  negative 
have  the  luminance  of  the  glowing  phos¬ 
phor,  and  the  clear  areas  of  the  phos¬ 
phor  appear  dark  because  of  the  infra¬ 
red  “quenching”. 

These  last  two  methods  do  not  affect 
the  speed  characteristics  of  the  film 
used. 

Diffusion  Transfer  Processing 

This  process  produces  an  archival  posi¬ 
tive  image,  and  a  negative  image  which 
may  be  made  archival  by  conventional 
processing.  Diffusion  transfer  process¬ 
ing  is  very  nearly  dry.  In  this  a  mono¬ 
bath,  either  a  liquid  or  a  jelly,  is  applied 
to  a  nonlight  sensitive  material  which 
is  then  pressed  in  intimate  contact  with 
the  unprocessed  negative. 

The  monobath  contains  a  developer 
and  a  silver  halide  solvent.  While  the 
exposed  grains  in  the  negative  are  being 
developed,  the  unexposed  grains  are  be¬ 
ing  carried  into  solution.  The  receiving 
material  contains  a  non-visible  micro¬ 
scopic  dispersion  of  silver  in  gelatin. 
The  silver  halide  solution  plates  out  its 
silver  on  the  grains  in  the  receiving  ma¬ 
terial.  Little  lateral  diffusion  takes  place, 
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and  because  of  the  plating  process,  there 
is  very  little  granularity  in  the  trans¬ 
ferred  image. 

The  positive  is  formed,  rapidly.  More 
time  is  required  if  the  negative  is  also 
to  be  preserved  to  peimit  all  of  the  un¬ 
exposed  silver  halide  to  be  dissolved. 
Archival  preservation  of  the  negative 
and  removal  of  the  anti-halation  back¬ 
ing  on  the  negative  requires  convention¬ 
al  fixing  and  washing.  The  positive  is 
archival,  and  no  fog  level  is  present  in 
the  image. 

Color  Formation 

Silver  images  are  black,  due  to  the 
opacity  of  the  silver.  The  silver  may  be 
bleached  away,  either  as  part  of  the  de¬ 
velopment  process  or  afterwards,  and 
replaced  by  transparent  dyes,  the  dens¬ 
ity  of  which  is  proportional  to  the 
amount  of  silver  originally  present.  In 
films  with  multiple  emulsion  layers, 
each  layer  may  be  selectively  dyed,  by 
using  different  couplers  in  each  emul¬ 
sion.  This  process  foims  the  basis  for 
color  photography.  In  the  Land  Pola- 
color  process  the  color  formation  pro¬ 
ceeds  simultaneously  with  the  diffusion 
transfer  processing. 

The  clear  areas  of  the  emulsion  may 
also  be  tinted  to  produce  a  two-tone  ef¬ 
fect. 

It  is  important  to  the  display  engineer 
to  note  that  color  film  (or  monochro¬ 
matic  film  which  has  been  dye-toned) 
has  far  less  tendency  to  buckle  or  shrivel 
(or  even  melt!)  during  projection.  This 
is  because  dyes  are  transparent  to  infra¬ 
red  radiation  whereas  the  finely  divided 
silvers  grains,  act  like  black  bodies  and 
absorb  nearly  all  incident  radiation. 

Relief  Images  and  Dye  Transfer 

The  exposed  areas  of  a  silver  halide 
gelatin  emulsion  can  by  proper  develop¬ 
ment  be  selectively  hardened,  i.e.  made 
less  water  soluble  than  the  unexposed 
areas.  It  is  thus  possible  to  bleach  away 
the  silver,  leaving  a  completely  clear 
film,  and,  with  warm  water,  wash  away 
the  gelatin  in  the  unhardened  areas  to 
produce  relief  image.  The  relief  image 
(referred  to  as  a  matrix)  may  be  used 
to  print  duplicates  in  any  desired  color, 
since  it  will  imbibe  dyes  in  amounts  pro¬ 
portional  to  its  thickness.  The  dyes  are 
transferred  to  a  receiving  layer  by  me¬ 
chanical  contact.  This  process  has  not 
been  used  to  any  extent  in  display  sys¬ 
tems,  but  foims  the  basis  for  the  Tech¬ 
nicolor  release  print  process  and  for 
certain  graphic  arts  and  office  copying 
processes. 

Non-Silver  Halide 
Materials  and  Processes 

The  non-silver  halide  materials  and 
processes  have  found  their  principal  ap¬ 
plications  in  the  graphic  arts,  bLit  at 
least  three  classes  of  processes  have 
been  adapted  to  display  systems  use. 
These  three  classes,  and  their  principal 


subclasses  are: 

I.  Diazotype 

A.  Dye  Diazos 

1.  Dry  Process 

2.  Moist  Process 

3.  Negative  Process 

B.  Thermal  Diazos 

C.  Vesicular  Diazos 

II.  Photochromies 

A.  Organic 

B.  Inorganic 

III.  Photoconduetive  Electrostatic 

A.  Pigment  Development 

1.  Direct 

2.  Indirect 

B.  Heat  Development 

The  restriction  of  the  following  dis¬ 
cussion  to  these  three  classes  is  not 
meant  to  imply  that  other  available  tech¬ 
niques  have  no  place  in  display  systems. 
Rather,  it  could  be  accepted  as  a  chal¬ 
lenge  to  investigate  the  applicability  of 
these  well-developed  techniques.  The 
best  single  source  of  information  on  non¬ 
silver  halide  systems  is  Kosar  (3). 

Dye  Diazos 

Azo,  from  the  Greek  azote  (without 
life,  i.e.  incapable  of  supporting  life)  is 
the  chemical  combining  form  meaning 
nitrogen.  Diazonium  compounds  popu¬ 
larly  referred  to  as  diazos,  are  organic 
compounds  containing  pairs  of  nitrogen 
atoms.  Diazonium  compounds,  which 
are  generally  pale  yellow  in  color,  can 
react  with  colorless  “couplers”  in  an  al¬ 
kaline  environment  to  form  brilliant  azo 
dyes.  The  choice  of  the  diazoniumcoup- 
ler  combination  determines  the  color  of 
the  dye. 

Diazonitim  compounds  are  decom¬ 
posed  under  irradiation  by  ultraviolet 
light  into  colorless,  chemically-inactive 
compounds,  releasing  free  nitrogen  in 
the  process.  The  decomposed  diazonium 
is  incapable  of  reacting  to  form  a  dye. 
These  basic  properties  of  the  diazonium 
compounds  foim  the  basis  for  the 
widely  used  diazotype  reproduction  pro¬ 
cesses. 

Two  such  processes,  the  moist  and 
the  dry,  are  in  common  use.  In  the  dry 
process  the  coating  contains  one  or  more 
couplers,  a  weak  acid  to  inhibit  prema¬ 
ture  coupling,  and  various  other  (gen¬ 
erally  proprietary)  ingredients  for  mois¬ 
ture  control,  image  stability,  etc. 

After  exposure  to  ultraviolet  light  of 
those  areas  of  the  coating  which  are  to 
become  colorless,  the  coating  is  treated 
with  aqua-ammonia  vapor  to  neutralize 
the  acid  and  the  azo  dye  is  foimed  in 
the  unexposed  areas. 

In  the  moist  process  the  coating  con¬ 
tains  neither  coupler  nor  inhibiter,  and 
development  is  by  application  of  the 
coupler  solution.  The  process  uses  very 
little  solution,  and  produces  a  damp-dry 
output. 

Negative  Working  Diazos 

The  standard  dye  diazos  are  positive 
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working,  that  is,  exposed  areas  are  clear 
(on  transparencies)  or  colorless  (on 
opaque  stock).  In  photographic  terms, 
the  copy  is  a  positive  duplicate  of  the 
original.  A  number  of  methods  for  mak¬ 
ing  negative  working  diazos,  which  pro¬ 
duce  negative  from  positive  originals  are 
available.  The  best  known  of  these  pro¬ 
cesses,  the  vesicular  process,  is  so  wide¬ 
ly  used  in  display  systems  that  it  will 
be  discussed  in  a  separate  section  below. 

Only  two  other  processes  of  the  many 
available  will  be  discussed  here.  These 
have  been  selected  for  discussion,  not 
because  of  their  greater  applicability  to 
display  technology,  but  because  they  are 
illustrative  of  the  great  variety  of  ma¬ 
terials  available  in  the  current  state-of- 
the-art  of  diazo  technology,  and  yet  are 
easily  understood  by  the  non-chemist. 
The  rapid  rate  of  advance  in  diazo  tech¬ 
nology  is  definitely  comparable  to  that 
of  silver-halide  technology  and  new  and 
potentially  useful  display  materials  are 
being  developed  at  a  rapid  rate. 

The  auto-coupling,  negative  working 
diazos,  not  commercially  satisfactory  be¬ 
cause  of  the  critical  exposure  control 
required,  depend  on  the  fact  that  the 
ultraviolet  decomposition  products  of 
certain  diazos  can  serve  as  couplers  for 
the  same,  or  another,  diazo.  A  controlled 
exposure  can  be  used  to  partially  de¬ 
stroy  the  diazo  compounds  in  what 
would  normally  become  a  clear  area. 
This  permits  these  areas  to  darken 
through  auto-coupling.  An  ultraviolet 
exposure  is  then  used  to  destroy  all  re¬ 
maining  diazos,  and  a  negative  image  is 
thus  produced.  High  image  contrast  is 
still  possible  by  using  a  combination  of 
a  fast  diazo  to  produce  the  auto-coupler, 
and  a  slow  diazo  to  produce  the  nega¬ 
tive  image. 

The  diazosulfonate  negative  materials 
depend  upon  the  property  that  light  (or 
heat)  will  restore  the  coupling  capabil¬ 
ity  to  a  diazosulfonate.  Upon  exposure 
to  light  through  the  clear  parts  of  a 
negative  the  diazosulfonate  will  disas¬ 
sociate  into  diazonium  and  sulfite  ions. 
Development  in  an  alkaline  coupler  so¬ 
lution  will  then  form  a  dye  in  the  ex¬ 
posed  areas  and  wash  away  the  unex¬ 
posed  diazo  sulfonates,  leaving  unex¬ 
posed  areas  clear. 

Some  commercially  available  diazo 
sulfonate  materials  produce  a  low  con¬ 
trast  pale  yellow  or  orange  image  on  a 
clear  background.  The  image  contrast  is 
unsatisfactory  for  visual  use,  but  the 
yellow  areas  have  a  higher  ultraviolet 
opacity  than  most  darker  dyes;  better 
second  generation  conventional  diazo 
duplicates  are  thus  possible  with  yellow 
intermediates,  than  with  blue  or  black 
ones. 

Thermal  Diazos 

Thermal  diazos  are  processed  by  heat 
alone.  The  diazonium  compounds  and 

44 


the  coupler  are  both  in  the  emulsion 
layer  but  will  react  with  each  other  only 
at  elevated  temperatures. 

Thermal  diazos  in  black  on  thin  beige 
paper  stock  are  well  known  because  of 
their  use  in  one  class  of  office  copying 
equipment,  but  newer  thermal  diazo 
materials  on  transparent  and  translu¬ 
cent,  tinted  stocks,  with  vivid  colors, 
suitable  for  use  in  overhead  projector 
graphic  displays  have  been  developed. 
Because  computer  generated  print-outs 
on  opaque  paper  can  be  converted  to 
projectable  transparencies  by  this  pro¬ 
cess,  the  mechanism  will  be  briefly  dis¬ 
cussed. 

Unlike  ordinary  diazos,  which  require 
a  one  sided,  translucent  original,  with 
ultraviolet-opaque  markings,  thermal  di¬ 
azos  may  also  be  used  with  opaque 
(even  two  sided)  originals,  provided 
only  that  the  markings  are  infrared  ab¬ 
sorbing. 

The  printing  process  is  a  reflex  con¬ 
tact  printing  process;  that  is,  one  in 
which  the  illumination  passes  through 
the  thermal  diazo  on  its  way  to  the 
original.  The  coating  and  base  material 
of  the  thermal  diazo  are  translucent  to 
visible  and  infrared  radiant  energy.  A 
high  energy  lamp  source  is  used  and 
the  incident  radiant  energy  is  absorbed 
in  the  opaque  markings  producing  in¬ 
tense  local  heating,  which  is  transferred 
by  conduction  to  the  thermal  diazo 
emulsion,  producing  a  duplicate  image. 
The  radiant  energy  from  the  clear  areas 
of  the  original  are  reflected  out  and 
away.  Simultaneously  the  ultraviolet 
component  of  the  radiant  energy  decom¬ 
poses  the  remainder  of  the  diazonium 
compound  so  that  it  will  be  insensitive 
to  further  heating. 

The  obvious  advantage  of  the  ther¬ 
mal  diazos  over  the  conventional  dye 
diazos  is  the  dry  development  feature, 
involving  neither  liquids  nor  possible 
ammonia  fumes.  There  is  no  theoretical 
reason  why  a  satisfactory  family  of  ultra¬ 
violet  exposing,  heat  processing  dye 
diazos  suitable  for  display  systems  can¬ 
not  be  developed.  The  problems  in¬ 
volved  are  primarily  of  a  materials  na¬ 
ture.  To  quote  from  Kosar  ( 3 ) : 

“It  is  obvious  .  .  .  that  to  solve  the 
problem  of  heat  development  of  diaz¬ 
otype  papers,  it  is  necessary  to  employ 
a  diazo  compound  of  high  thermal 
stability,  azo  components  of  high 
coupling  energy,  and  alkali-generating 
agents  which  are  stable  at  normal 
temperatures  but  which  decompose 
rapidly  and  completely  at  the  devel¬ 
oping  temperature.  To  make  such  a 
selection  is  not  a  simple  task.  The 
thermal  stability  of  diazo  compounds 
varies  slightly  according  to  their  struc¬ 
ture  and  they  start  to  decompose 
around  120°C.” 

Development  temperature  must  be 
high  (on  the  order  of  150°C),  in  order 
to  permit  image  densities,  comparable 


to  that  of  ammonia  processed  diazos,  to 
form  rapidly  (within  5-10  seconds)  be¬ 
fore  decomposition  degradation  takes 
place. 

Vesicular  Diazos 

Vesicular  materials  are  materials  in 
which  light  scattering  centers  are  es¬ 
tablished  by  exposure  to  radiant  energy. 
The  best  known  vesicular  material  is 
Kalvar,  which  employs  a  diazo  sensiti¬ 
zation,  although  vesicle  images  can  be 
produced  by  photolytic  decomposition 
of  ferric  ammonium  citrate,  photo-de- 
polymerization  of  polyketones,  and  a 
variety  of  other  photosensitive  reactions. 

The  primary  requirement  for  a  vesic¬ 
ular  material  is  a  clear  base,  which  can 
be  locally  ruptured  to  form  microscopic 
light-scattering  vesicles.  In  Kalvar,  the 
diazo  sensitizer  is  embedded  in  a 
thermo-plastic  resin  coated  in  a  thin 
(0.012  mm)  layer  on  a  (usually)  trans¬ 
parent  polyethylene  base.  Exposure  to 
near  ultraviolet  light  frees  nitrogen  gas 
from  the  diazonium  compound.  The 
sudden  application  of  heat  at  tempera¬ 
tures  ranging  from  80  °C  to  150°  C  for 
times  ranging  from  fractions  of  a  second 
to  several  seconds  (time  and  tempera¬ 
ture  are  not  critical)  causes  the  nitro¬ 
gen  to  expand  rapidly,  thus  rupturing 
the  material. 

The  heat  energy  required  to  develop 
the  image  is  on  the  order  of  5  cal/cm'2/ 
mm  ( total  thickness ) .  The  most  conven¬ 
ient  heat  applicator  consists  of  a  pail-  of 
rotating  heated  metal  rollers. 

Following  development,  the  material 
must  be  desensitized  by  uniformly  ex¬ 
posing  the  processed  image,  and  then 
permitting  the  released  nitrogen  to 
diffuse  slowly  at  temperatures  below 
110°F.  The  image  may,  however,  be 
projected  immediately  if  the  projection 
source  is  ultraviolet  free,  or  if  the  tem¬ 
perature  at  the  film  gate  is  held  below 
110°F.  The  image  is  as  durable  as  the 
base  support  material. 

A  reversed  image  can  be  produced 
by  permitting  slow  diffusion  after  the 
first  exposure,  following  this  with  an 
overall  second  exposure  and  heat  devel¬ 
opment. 

The  speed  of  vesicular  materials  is 
generally  considered  to  be  three  to  five 
times  that  of  the  sensitizing  material  be¬ 
cause  the  scattering  coss-section,  while 
still  molecular  in  size,  is  larger  than  the 
original  capture  cross-section  due  to  the 
gas  expansion. 

When  viewed  under  transmitted  light, 
as  on  a  light  table,  the  appearance  of 
a  vesicular  image  is  that  of  a  very  low 
contrast  (clear  and  translucent)  nega¬ 
tive  of  the  original.  When  projected  on 
a  screen  the  image  appears  as  a  high 
contrast  negative  of  the  original.  If  the 
original  were  a  silver  halide  negative 
image  of  bright  characters  on  an  other¬ 
wise  unilluminated  cathode-ray  tube 
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face  plate,  the  screen  image  would,  of 
course,  be  a  positive  image  of  the  cath¬ 
ode-ray  tube  display  (bright  characters 
on  a  dark  background). 

The  contrast  of  the  projected  image 
is  greater  at  smaller  projection  system 
(projection  lens  and  condenser)  aper¬ 
tures,  but  the  highlight  illuminance  is 
then  lowered. 

The  reason  for  the  tremendous  differ¬ 
ence  in  projection  and  direct  viewing 
contrast  is  due  to  the  large  ratio  of  spec¬ 
ular  and  diffuse  densities. 

The  translucent  areas  scatter  light, 
rather  than  absorb  it,  when  diffuse  light 
(as  from  a  light  table)  reaches  the  im¬ 
age  from  the  rear;  this  causes  the  trans¬ 
lucent  areas  to  appear  almost  as  lumin¬ 
ous  as  the  clear  areas,  hence  a  low 
image  contrast.  When  nearly  parallel 
light  (as  from  a  narrow  aperture  pro¬ 
jection  condenser)  passes  through  the 
clear  areas,  nearly  all  of  the  transmitted 
light  enters  into  the  projection  lens  to 
reach  the  screen.  The  light  passing 
through  the  translucent  portion  is  scat¬ 
tered  nearly  uniformly  through  a  hemis¬ 
phere,  and  only  the  rays  within  the 
narrow  angle  subtended  by  the  projec¬ 
tion  aperture  will  be  able  to  reach  the 
screen.  Hence  the  projected  image  con¬ 
trast  is  quite  high. 

When  viewed  by  reflected  light  on  a 
black  background,  the  translucent  areas 
appear  a  pinkish  white,  the  clear  areas 
appear  black,  and  the  image  appears  as 
a  low  contrast  positive. 

Photochromic  Materials 

Photochromic  materials  include  both 
organic  and  inorganic  compounds  which 
can  be  cycled  through  color  changes  by 
applying  energy  in  different  spectral 
bands.  The  majority  of  the  compounds 
are  clear  or  colorless  under  white  light 
(sunlight,  daylight,  tungsten,  etc.), 
which  contains  a  large  proportion  of  in¬ 
frared  energy,  and  are  dark  after  ex¬ 
posure  to  near  ultraviolet  energy.  Of 
course  the  mere  act  of  viewing  the  im¬ 
age  in  white  light  will  cause  it  to  fade, 
with  the  rate  of  fading  depending  on 
the  particular  compound  and  the  amount 
of  infrared  energy  contained  in  the  white 
light.  The  use  of  a  projection  source 
free  of  infrared  will  permit  longer  per¬ 
sistence  images.  The  persistence  may  be 
controlled  by  varying  the  proportion  of 
infrared  permitted  to  fall  on  the  image. 

Several  colors  are  available,  although 
not  with  closely  matched  persistence 
characteristics,  and  subtractive  multi¬ 
color  images  are  possible,  either  by 
physically  sandwiching  several  sheets  to¬ 
gether  (including  a  map  background  if 
desired),  or  by  using  a  sequence  of  re¬ 
lay  lenses  which  successively  image  one 
transparency  upon  the  next.  The  latter 
approach  is  not  practical  for  more  than 
two  transparencies  ( for  example,  a  single 
map  background  and  a  single  photo- 
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chromic  transparency,  because  of  the 
light  losses  inherent  at  each  step). 

Photochromic  materials  are  negative 
working,  with  ultraviolet  exposure,  al¬ 
though  there  is  no  reason  why  they  may 
not  be  prefogged  with  ultraviolet  and 
selectively  erased  with  infrared. 

Photochromic  materials  have  the  ma¬ 
jor  advantage  of  reusability,  because  the 
materials  may  be  recycled  many  times; 
this  factor  alone  would  make  their  use 
appealing.  An  additional  advantage  in 
target  tracking  displays  is  the  controll¬ 
able  image  decay.  In  target  tracking 
applications,  each  track  will  have  a  tail 
proportional  in  length  to  its  velocity, 
and  the  disappearance  of  older  portions 
of  the  tail  as  the  target  moves  on  avoids 
the  clutter  present  in  scribing  projection 
displays. 

Where  this  feature  is  not  desirable, 
the  disadvantage  of  image  transiency 
outweighs  the  advantage  of  reusability. 
As  will  be  noted  below,  certain  electro¬ 
static  processes  also  offer  erasability  (al¬ 
though  non-selective)  and  reusability,  as 
well  as  greater  sensitivity. 

Electrostatic  Processes 

Electrostatic  processes  depend  upon 
an  increase  in  conductivity  of  certain 
materials  (photoconductors)  upon  ex¬ 
posure  to  light.  The  two  major  classes 
of  electrostatic  processes  are  the  trans¬ 
fer  and  the  direct  processes. 

In  the  transfer  process  the  latent 
electrostatic  image  is  transferred  from 
the  light  sensitive  material  to  a  receiv¬ 
ing  sheet  which  may  be  either  opaque 
or  clear;  the  latter  material  offers  the 
possibility  of  preparing  projectable  trans¬ 
parencies.  Offset  and  spirit  masters  may 
be  directly  generated  by  the  transfer 
process.  In  the  direct  process  the  light 
sensitive  material  is  coated  on  the  paper 
or  other  support  which  will  carry  the 
final  image.  Since  the  available  coatings 
are  opaque,  the  direct  process  does  not 
permit  the  direct  preparation  of  trans¬ 
parencies. 

In  the  transfer  process  the  photo- 
conductive  material  is  most  frequently 
a  thin  layer  of  vacuum-deposited  vitre¬ 
ous  selenium  on  an  aluminum  (or  other 
metal)  drum  or  plate. 

The  plate  or  drum  is  placed  in  a  dark 
chamber  and  is  sensitized  by  being 
moved  past  one  or  more  fine  wires 
biased,  relative  to  the  metal  base,  to  a 
potential  of  6000  to  8000  volts.  Either 
positive  or  negative  bias  may  be  used; 
in  the  following  discussion  a  positive 
potential  will  be  assumed. 

At  these  elevated  potentials,  a  corona 
is  formed  about  the  wire(s)  due  to  the 
high  potential  gradient.  The  surround¬ 
ing  air  is  ionized  and  the  positive  ions 
are  driven  from  the  wire  to  the  photo- 
conductive  surface.  The  surface  is  uni¬ 
formly  charged  to  a  potential  of  some 
500  to  800  volts. 


In  total  darkness  the  half-life  of  this 
charge  is  several  hours;  under  high  am¬ 
bient  illumination  the  half-life  of  the 
charge  is  measurable  in  seconds.  The 
net  result  of  a  selective  exposure,  as 
from  a  cathode  ray  tube  display,  a  trans¬ 
parency,  or  an  opaque  image,  is  to  pro¬ 
duce  a  potential  or  charge  distribution 
pattern  on  the  photoconductor  surface. 

The  electrostatic  contrast  of  the 
charge  image  (that  is,  the  difference 
between  the  maximum  and  minimum 
potentials  on  the  photo  conductive  sur¬ 
face)  is  a  function  of  the  contrast  of 
the  optical  image,  the  time  between 
sensitization  and  exposure,  the  exposure 
time,  and  the  time  between  exposure 
and  development.  Obviously,  contrast 
will  be  zero  for  both  very  short  and 
very  long  exposures,  there  is  thus  an 
optimum  exposure  time  for  a  given  im¬ 
age  luminance  range.  (Exposure  re¬ 
quirements  will  be  discussed  in  detail 
in  the  latter  part  of  this  chapter  in  the 
completed  work.) 

At  this  stage  the  latent  image  must 
be  developed.  One  form  of  development 
consists  in  applying  a  solid  toner  bear¬ 
ing  a  charge  opposite  to  that  originally 
deposited  on  the  photoconductor.  Solid 
toners  consist  of  micron-sized  particles 
of  fusible  resin  or  plastic  to  which  col¬ 
ored  dyes  or  pigments  have  been  added. 
One  method  for  charging  the  toner  par¬ 
ticles  is  to  use  a  two-componcnt  devel¬ 
oper,  in  which  the  toner  particles  are 
mixed  with  larger  particles,  the  carrier 
beads.  Friction  between  the  carrier 
beads  and  the  toner  particles  creates 
opposite  electrostatic  charges  on  each, 
and  the  toner  particles  cling  to  the  car¬ 
rier  beads.  When  the  toner-coated  car¬ 
rier  beads  are  spread  over  the  latent 
image,  the  toner  deposits  itself  at  points 
of  maximum  charge  gradient  on  the  im¬ 
age.  This  method  of  development  is 
most  suitable  for  line  copy  or  textual 
data;  large  dark  areas  do  not  develop 
satisfactorily. 

The  toned  image  is  then  transferred 
to  its  final  support  (paper,  plastic,  etc.) 
by  contact,  using  a  high  potential  charg¬ 
ing  system,  similar  to  the  one  used  for 
sensitization,  to  expedite  the  transfer  of 
charge  from  the  photoconductive  ma¬ 
terial  to  the  receiving  material.  Residual 
toner  is  removed  from  the  photocon¬ 
ductive  plate  by  brushing  and  vacuum¬ 
ing,  so  that  it  may  be  re-used.  The  trans¬ 
ferred  image  is  “fixed”  by  heat,  to  fuse 
the  thermoplastic  toner  to  the  support. 
If  it  is  desired  to  re-use  the  material, 
the  heating  may  be  omitted  and  the 
image  erased  by  brushing  away  the 
toner. 

Note  that  the  process  as  thus  described 
is  not  suitable  for  forming  images  of 
bright  characters  on  a  dark  background 
cathode  ray  tube.  Raster  scan  displays, 
with  dark  characters  on  a  white  raster, 
or  photographic  images  with  no  large 
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black  areas  will  record  in  an  acceptable 
manner.  Screened  halftone  images  which 
contain  visible  dot  structure  even  in  the 
densest  areas  will  also  reproduce  satis¬ 
factorily. 

Special  techniques  have  been  devised 
for  the  development  of  continuous  tone 
images,  or  images  witli  large  solid  areas. 
These  involve  the  use  of  a  development 
electrode  and  either  powder  cloud  or 
liquid  spray  toners.  These  techniques 
also  permit  positive-to-negative  as  well 
as  positive -to -positive  processing,  by 
proper  selection  of  the  potential  on  the 
development  electrode,  and  the  polarity 
of  the  toner  charge  (1).  Multicolor  im¬ 
ages  may  he  formed  by  successive  trans¬ 
fers  to  the  receiving  material  of  proper¬ 
ly  toned  images. 

The  direct  electrostatic  processes  use 
paper  or  other  supporting  material  coat¬ 
ed  with  an  insulating  binder  containing 
zinc  oxide  or  some  other  photoconduct- 
ive  material.  The  material  may  be  re¬ 
peatedly  resensitized  and  multicolored 
images  may  be  formed  by  successive  im- 
aging  and  toning. 

Neither  the  toner  methods  of  devel¬ 
opment,  nor  the  transfer  techniques,  are 
dependent  upon  the  method  by  which 
the  charge  distribution  has  been  estab¬ 
lished.  Thus,  they  apply  equally  well  to 
the  direct  beam  recording  methods  de¬ 
scribed  under '  the  subheading  “Direct 
Beam  Recording”,  above.  One  develop¬ 
ment  method,  originally  devised  for  di¬ 
rect  beam  recording,  has  also  been 
adapted  to  processing  photoconductive 
images. 

In  the  thermoplastic  recording  pro¬ 
cess,  development  involves  heating  the 
thermoplastic  base  on  which  the  charge 
pattern  is  stored.  The  base  is  held  in 
contact  with  an  oppositely  charged  metal 
plate.  The  material  is  softened  by  the 
heat  and  the  attraction  between  the  sur¬ 
face  bound  charges  and  the  backing 
plate  causes  the  surface  to  deform  in 
accordance  with  the  charge  distribution. 
The  resulting  image  is  not  directly  vis¬ 
ible  to  the  eye,  but  may  be  projected 
with  a  Schlieren  optical  system  (which 
converts  the  variations  in  refraction 
angles  at  the  deformed  surface  into  a 
variable  luminance  image  at  the  screen). 
The  image  may  be  erased  by  reheating 
the  thermoplastic  base. 

A  closely  related  process  is  frost  re¬ 
cording  in  which  a  nonerasable  light 
scattering  image  is  formed  by  heating 
the  exposed  photoconductive  thermo¬ 
plastic. 
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Abstract 

Interactive  computer  systems  es¬ 
tablish  a  dialog  between  the  man 
and  the  machine.  By  means  of  dis¬ 
plays,  the  user  receives  immediate 
feedback  of  the  results  of  his  ac¬ 
tions,  and  he  is  able  to  modify  his 
decisions  in  order  to  obtain  a  system 
response  that  is  most  relevant  to 
his  needs. 

BOLD  (Bibliographic  On-Line  Dis¬ 
play)  is  an  example  of  a  highly 
automated  interactive  document 
storage  and  retrieval  system  that  is 
in  operation  at  System  Development 
Corporation.  It  enables  the  user  to 
browse  through  the  data  base  by 
subject  categories  or  search  for 
specific  documents.  The  response 
is  rapid  and  the  results  are  satis¬ 
fying. 


The  Problem 

BOLD  (an  acronym  for  Bibliographic 
On-Line  Display)  was  designed  to  be  a 
highly  automated  and  versatile  docu¬ 
ment  storage  and  retrieval  system.  The 
objective  was  not  simply  to  automate, 
but  through  automation,  to  achieve  a 
high  degree  of  operational  efficiency  and 
user  satisfaction. 

The  procedures  followed  in  most  exist¬ 
ing  retrieval  systems  are  awkward  and 
entail  a  considerable  time  delay.  The 
user  transmits  his  request  to  an  infor¬ 
mation  specialist  who  translates  it  into 
a  search  formula  —  a  set  of  retrieval 
terms  that  are  compatible  with  the  index 
terms  used  in  the  information  system. 
Retrieval  is  usually  a  two-step  process 
in  which  document  identification  num¬ 
bers  are  obtained.  The  results  of  the 
search  are  reviewed  for  reasonableness 
by  the  information  specialist,  and  after 
a  delay  of  hours  or  days,  the  material 
is  sent  to  the  requester.  More  often  than 
not  the  user  is  annoyed  by  the  delay  he 
has  encountered  and  is  suspicious  of  the 
results  achieved.  He  may  receive  some 
irrelevant  dicuments  and  may  not  re¬ 
ceive  some  relevant  documents  that  he 
believes  are  in  the  system. 

In  contrast,  a  person  gets  a  much 
greater-  feeling  of  satisfaction  when  he 
uses  a  traditional  library.  There,  he  may 
browse  among  the  shelves  selecting  and 
examining  books  at  random  or  in  a  given 
subject  location.  He  may  look  through 
the  card  catalog  under  various  subject 
headings  seeking  documents  with  promis¬ 
ing  titles.  Finally,  if  he  is  not  sure  of  the 
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best  way  of  searching  for  specific  infor¬ 
mation,  he  may  ask  someone  for  help. 
It  is  important  to  note  that  a  library 
search  procedure  is  “interactive”  in  the 
sense  that  the  user  interacts  directly  with 
his  data  and  receives  immediate  feed¬ 
back  on  the  results  of  his  search.  Un¬ 
questionably,  this  sense  of  direct  contact 
contributes  to  the  user’s  satisfaction  and 
to  the  efficiency  of  the  system. 

The  BOLD  system  was  designed  and 
programmed  to  provide  the  user  of  the 
computerized  retrieval  system  with  the 
same  kinds  of  capabilities  that  he  finds 
helpful  when  using  a  library.  The  de¬ 
sired  characteristics  are  as  follows: 

(a)  Language  must  not  be  a  barrier. 
Ideally,  the  user  should  be  able 
to  state  his  requests  in  natural 
English,  or  failing  this,  the  com¬ 
puter  should  help  him  express  his 
needs  in  an  acceptable  language. 
Certainly,  the  system  would  fail, 
if  the  user  first  had  to  learn  pro- 
gramming.before  he  could  retrieve 
information. 

(b)  The  user  must  be  provided  with 
information  about  how  documents 
are  organized  and  classified  with¬ 
in  the  system.  He  must  be  al¬ 
lowed  to  explore  the  content  of 
these  categories  just  as  he  would 
browse  among  the  books  on  the 
shelves  of  a  library  or  cards  in 
a  catalog  file. 

(c)  When  preparing  a  search  request 
for  specific  material,  the  user 
must  be  helped  by  the  system 
to  word  this  request  correctly  just 
as  he  would  be  helped  by  a  li¬ 
brarian  in  a  manual  system. 

In  essence,  a  computerized  document 
storage  and  retrieval  system  must  make 
it  easy  for  the  human  user  to  interact 
with  the  machine  in  order  to  retrieve 
relevant  material  and  screen  out  irreele- 
vant  material.  BOLD  has  been  designed 
with  these  characteristics  in  mind. 

The  System  Environment 

BOLD  operates  within  the  System 
Development  Coiporation  (SDC)  Re¬ 
search  and  Technology  Laboratory.  It 
is  programmed  for  use  with  the  IBM 
Q-32V  computer  and  Time-Sharing  Sys¬ 
tem,  a  very  large  computer  complex 
with  a  64K  word  core  memory  and  auxili¬ 
ary  storage  on  drums,  discs,  and  tapes. 

In  practice,  the  user  has  no  direct 
contact  with  the  computer.  He  sits  at 


FIGURE  1:  BOLD  inquiry  station. 


one  of  more  than  a  dozen  user  stations 
at  SDC  or  at  a  remote  installation.  The 
inquiry  station  consists  of  a  teletype¬ 
writer  and  a  cathode-ray-tube  display 
with  a  light  pen. 

(c)  Allows  the  user  to  formulate  his 
requests  in  natural  language  with 
very  few  computer-oriented  re¬ 
strictions. 

(d)  Displays  retrieved  information  on 
a  teletype  or  CRT  console. 

(e)  Copies  the  retrieved  information 
on  a  magnetic  tape  for  off-line 
listing. 

The  utility  and  versatility  of  these 
programs  will  be  explained  by  describing 
the  operations  of  the  BOLD  system. 

The  Interactive  Environment 

BOLD  is  an  interactive  system,  which 
means  that  a  dialog  is  established  be¬ 
tween  the  user  and  the  system  so  as  to 
enable  the  user  to  request  and  obtain 
relevant  documents  from  the  collection. 
The  requests  and  the  system’s  responses 
are  stated  in  as  close  an  approximation 
to  natural  language  as  is  possible.  Ideally, 
the  user  with  only  a  knowledge  of  the 
English  language  and  a  skill  in  typing 
should  be  able  to  establish  a  rapport 
with  the  machine.  Although  this  ideal 
may  never  be  fully  achieved,  a  great 
deal  of  human  eginering  skill  has  gone 
into  the  project  so  that  it  could  be  ap¬ 
proximated. 

Interactive  Displays  and  the  Browse  Mode 

The  BOLD  inquiry  station  consists  of 
a  teletypewriter  and  cathode-ray-tube 
display  unit  (See  Figure  1).  The  user 
interacts  with  the  system  and  requests 
information  by  typing  on  the  teletype¬ 
writer.  He  may  also  make  certain  re¬ 
quests  by  using  the  light  pen  and  the 
display  scope. 

After  he  has  logged  in  and  the  data 
base  and  program  tapes  are  loaded,  the 
system  reports  this  fact  by  tvping  .  .  . 
THIS  STATION  IS  NOW  UNDER 
THE  CONTROL  OF  THE  BOLD  SYS¬ 
TEM  OPERATION  INSTRUCTIONS  R 
OBTAINED  BY  THE  REQUEST:  IN¬ 
STRUCTIONS/ 

Simultaneously  the  display  shown  in 
Figure  2  will  appear  on  the  scope.  This 
display  defines  the  ten  light-pen  ac¬ 
tions  that  are  available  to  the  user. 

The  user  begins  by  flashing  the  “B” 
character  with  the  light  pen  or  typing 
BEGIN/  on  the  teletypewriter.  Com¬ 
mands  such  as  BEGIN,  SEARCH, 
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The  prflnnninhg  system  lui  two 
ni.Ljiir  mndulcd:  fl)  the  d&tB  hose  g^n*- 

cratur  program  jeicI  {2)  the  display  and 
mugnun  Ekrfls  are  v.tlI  Llti  in  the 
JOVIAL  liflgi.ia.gc  wj(K  sfirm:  tif  (Ik:  Sub- 
rnnCLiim  in  ifiaLtiilfe  cede  (SCAMF)-  It 

is  jinliripnli'd  lli.Ll  Ibt&e  pnfm  w||| 
Isc  rewritten  fr>r  the  1HM  13G0/S7  ^‘hcii 
llki£  computer  bCCTnfH^  JivnitalJe  in  the 
lalier  [i  iri  (if  Oils  fiscal  year. 

The  Data  Base  Geaeralor  SubtyslCrr 
Tlte  IVOLD  data  base  gener-Hor  buili^ 

tilih'i  -if  sLmcl  in ed  iiifmiii.iriuu  frUrii  a 
1 1 ■■  1 1 1 r ■  r  i 1 1  ■  finiviCnnsd  (.ijju.  Tin: 

tables  axe  designed  with  ntfnfjvt  liailc* 
ing  between  ejilrics  rcFeTcnccd  by  ident¬ 
ical  1 ty  wmdi  tn  phrase*  to  permit 
rapid  tiHtlcvjI.  Hh:  diita  luv.1  that  is 
presently  lniii.j  Lirad  I*-"-'*  nbtnined  from 
the  TJcFnkse  tSxiimcnlafjfm  Gcnler  RAd 
consists  uf  abstracts  ef  approximately 
COOQ  i  1  i :■ : ■  i  i i  i i : ■  n r s .  Fur  e.'iperunrniLjl  pur¬ 


poses,  ii  subset  of  tlws*  dcosmcrti  :  ■■ 
used.  The  particular  tape  JrOiri  whtch 
the  tlEiulrnriw  n-sjmplfs  were  derived 
COThMi  of  (be  first  1745  nlwErjirtta  and 
(SiS&T  retrieval  terns.  The  document  am 
gftfujw*!  into  subject  categories  organ- 
IZtd  jrcicinJutg  (0  tlie  IjJ.X!  rlasiifiriitJeu 
syitirm  H?Wfli  the  prngnun  j  flex* 
ihJe,  nnd  various:  classification  and  in¬ 
dexing  systems  eon  be  used, 

The  function  uf  tire  da ij  base  j^ener- 
atOr  :-i  ihsy.-.C'-m  is  in  princess  pTRitnred 
diii.i  tape?  and  to  fstflUbh  the  Imping 
between  d»  index  (enns  and  other  de1 
scripts™  attributes  such  as  authors,,  til  ley 

LuhtJiiul  number,  etc.  The  data  t^b'-CS 
produced  by  (lie  dnln  li.ue  ge*  nr  rat  OH 
j<re  used  hy  ilw  retrieval  program,  A 
technical  cleserrptkm  of  the  data  bare 
geTwratoir  and  of  the  display  and  re¬ 
trieval  subsystems  luiS  lweit  prepared  bs 
Efiwnid  ISunuugh  [llpfi  rc-ncc^  I  anrl  SI, 
whq  wmie  tlic  prop-nm?, 


The  Display  and  fre trieral  Subsystem 

As  the  name  implies,  the  display  mid 
retrieval  subsystem  Is  (Irsigned  to  seareb 
life  rLitii  base  lb.it  has  lieeii  structured 

In1  the-  ctntiL  bsisr?  yeiferutOr  piO^r.'im  and 
(0  Tdricve  aud  iliipliiy  like  requested 
inFomiRtton.  AMhotieh.  ihti  is  -a  difficult 
«nodgFi  t;i:-.k  in  itM.Fr.  (he  Interactive  Fea- 
tnrea  make  tlfe  programs-  even  nMKC  com- 
pkft, 

The  retrieval  pnngr.ini  h:c!  tlw  fn Hew¬ 
ing  characteristics.: 

*(a)  Alluvvs,  and  therefore  inomloas, 

many  user*-  who  nre  mierrogatiug 
(he  Mine  data  b;uu*  htil  wlin  are 
doing  sHTiiiltnitPont.  independent, 
re^i-tlnte  rctricvaF. 

(b)  Pi'iiniEs  tluc  user  lu  uilcm^gate 
l he-  dirt::;  ii_':ry  and  i  i  id  out  wheth¬ 
er  jl  i.vord  has  hern  used  as  an 
fndcs  tern  —  mid  how  often  — 
and  wlfetlirr  Lhifje  air  iyriunym.-. 
ui  rtkled  tc-nra. 


FIGURE  S :  An  ihlrwr  dupiiyid  cm  SCOPE. 


!kNM*>TlGfll  S  Si'hXy,  St>-lt^R  MTQprj  rw. 


FIGURE  -J  QiittlCinM  c*l£ eerier. 
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CfiAV'tilLUM  USSQClATES 

0  (.  Uv  Merncn  Arenvl 
KlddDnlield.  rce«r  J*VM>r  M033 
tot*  Code  V&  i-'f  5300 
HOLIltrcSfllHriK  l  STILL  l^t- 
3KB  PieS-T^nt  fread 
Alljnla,  GWE'I 
tots  Cedi?  i:>1  2b\  '■Ai-i 
|  II I  LI  FiBCutfr*  Cn-T(Y  ISflsfl 
Ij'i.indj  Ftoridb  3ZBQ3 
m*  SQS  241  5401 
6/]?  Ww^Kk  Crire 
Cr-aitaUf*.  fc:rth  Ct-Qiins 
Ai«i  Grfi  704-533 -332 J 

jack  r.  i*cKirunEr¥  saj.es  co. 

1333  Chtffllti!  Strut 
OjIId,  Tam  75Z0? 
i'u  e  j  Cad e  214  63194ft) 

U«T0  F.  MUBfHT  1  A550CIUES 
jSQ  C-Nc*aa  Irrtarf 
')  ’c^-ipclis,  Klininictfe  &!i4l& 
£.32  333  -4511 
kIl  rinPri  pijh^NIAN,  INC. 

11  V-smy  Sti»i 
Lniaci^a  Haujcl’iiMlIi  DZ3  7i 
hna  Cede  *r-L  ■'  Bb?  3 JCC 
friU  Bali'S  1 

P0.  L2 
t^li-t'TDcn  CanP. 

Art!  Cede  2tU  5X9  2503 
HF NRT  C.  HlCHTXR.  INC 
1376  OS  NighrHT  ffc.  22 
Mnuril-SmpiJe  tu*  Jr-rw* 

Area  CMe  Hl-AM  4415 
P.0.  SO' <  J9-L 

r*r«4ttt>tlt.  l’wk  13066 
CMtt  31&-&37.t?l3 

I.  W.  STRONG  i  A5SMIATE&,  IK. 
U5b^  Coi.ii-! 

Oemi,  Crtdi4da  3G-7P4 
Ae i  Cede  JOJ-292-6900.  1.  ?,  3 
T,  A.  VAN  HAGGNER  COUPAH  I 
?1  Weft  TramiPi  As>tnu4 
Silt  Like  C  !y  Utiti 
A(*  m  Hlft-7251 
M.  L  WIPOE  KIND  CO..  INC. 

B15  Wnf  fmnf  Slrwt 
■Seahlf  ^*hhnii.lDn  93119 
Aea  Cade  ZW-2M -HUO 
HOHCRT  BJR105 
£04  East  Eihj 
Glmdale.  MiKicari  6H2? 

Jkrta  Cade  31<  964  7^4 
WILLIAM  COLE 
030  Cjrln  Lint 
CjngJnnali  Dl>e  4-S2IS 
All  Cede  513  773  4491 
JL  If.  SNEFTiE 

<609  Wd  frihfinck  Rd*3 
Bilo Wi.  Hpyticd  23?M 
tuti  Dade  30I-CE3-O6K  ? 
M0RCEHMK  INHJ5TRB(S 
397  Soulh  Hel-fi  SNhI 
P.0.  Bm  4 (ILL 
Mahciir  La'ilrun  i  92303 
Hr ,J  Ctrife  p  L4  535  6037 
MiRta-DiJi.  isDuSUtKS 
I00E  [1  Cmhd  R«  -  Suik  'V 
LOf  4JtH|.  Cjlilcrn.i 
AM  t#4  4l5Mt  12J7 
OAK  VIMI2-ACICH  M'i  COL 
CjjV:x  U Fjf.  Illinois 
AM  taA  019-450  5000 
John  Krl 

CraiEC  ►: r. r^br-l 
flichard  SChnt4tf 
Jarrn  t¥r!b 


MISSILITE  "MIX  OR  MATCH"... 
salves  your  |>dnel  indication  problems 


Creative  design  results  when  youx  panel  Is  planned 
with  MiisiliEeB  Indicator  Lights.  Clean,  compact  and 
functional,  they  give  your  panel  effective  presen-ta- 
tinnr  reliable  operation.  I'lexihiEity  in  ^rr-angemenl  and 
reduced  oiaiolNtoce  costs.  Avsifable  in  .'i  wide  variety 
of  sires  and  shapes.  They  offer  fgjiher  optioni  -  .  , 
single  or  muHiplearriy  thor^ontJil  or  vertical),  choice 
of  legend  colors  and  styles,,  two-  or  thtee-lamp  reli¬ 
ability,  paxallel  or  mrlividual  lamp  operation.  Abo, 
flPfD55-to-test"  feature,  R.FJ.  shieldrng,  lamps  or  leg¬ 
end  plates  seimo^able  and  replaceable  from  front  nf 
panel.  C.el  help  with  your  panel  design,  write  today 
for  i  he  Missilile  Catalog. 


MAflCO-DAK  industries 


^  erva.ei*  0 anC  ^L  EC  TP!  □  /N  WT I C  S 

507  SOLFfH  JlCkErii.  STREET,  AMAHflM,  CALIFORNIA  JKSQt 
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At  Monmouth  Medical  Center,  SYSTEM/360  checks  in-checks  out... 


Grcrse  Bartel,  Hospital  Administrator, 
hau  big  plans  Sof  YonmOu  Lb  M  edicsl 
Center,  Long  9  ranch,  New  Jersey. 
That'S  why  SYSTEM  I3E0  is  there. 

Just  a  few  weeks  after  its  arrival, 
SYSTEM,'  360  took  over  patient 
hilling,  and  -went  on  to  pulcm$te  all 
administrative  paperwork. 

Nine  in®**;  days,  and  SYSTEM/ 360 
converted  the  process  to  direct- 
■access  disk  files.  An  easy  transition 
with  ISM  SYSTEM/ 360  Sasic 
Opcraling  System  (BOS  /  360 
for  short), 

After  information  is  entered,  it  can  be 
processed  in  microseconds. 


This  opens  an  entirely  iww  realm  of 
ppe-ra'terns  —  a  Teal-time  Hospital 
Information  System. 

A  complete  information  hookup 
is  planned.  Keyboard  communica¬ 
tions  will  connect  SYSTEM/ 360 
te  viiaJ  srefls-nyr&cs1  stations,  X-ray, 
pathos,  pharmacy  and  olhef *. 

New  information  can  be  entered 
immediately.  Services  ordered  and 
validated.  Treatments  reviewed  by 
instant  printout.  Drug  control  data 
displayed.  Resources  scheduled 
and  allocated. 

The  goal  —  llw  most  efficient  use  of 
facilities  and  time. 


Monmouth  Medical  Center  is 
growing.  And  SYSTEM  r  360  is  ready 
to  meet  this  growth,  because  the 
System's  modu ar  design  makes  it 
easy  to  expend.  io  serve  m^e 
proems,  tip  take  on  m<ye 
infptfmatiW'h&ndiing  chores. 
Monmouth  Medical  Center  tikes  its 
10  M  SYSTEM/ 360. 

So- -do  hundreds  of  other  companies 
in  all  kinds  of  industries. 

They  like  its  performance,  spaed 
and  'versatility. 

We  think  you  will,  too. 

IBM 


and  starts  a  new  era. 


BROWSE,  CONTINUE.  cu-..  imwl  he 
followed  by  a  slash,  OiC  n^PS  J  qnratKHi 
mart  ir>  ask  Ear  help.  and  for  itl]  cillwr 
snCprtctinras  nu  |SUHe(liati<Mi  mark?  rm‘ 
itsed, 

Whcfl  \]K  Onsh  is  ]i.iC  lim'lI  the  il- 
qui^tn  Lypes 

BEGIN 

IImi  system  respond* 

-NOT  FOUND 

Thn  !-  *.  s  I !  ■  i  "i  i  ii  tlrti’tprcfieig  ik'  tWtfd 
B-ECSN  as  rm  Eudu\  tCfll'i.  .S-iiigc  such  a 
tenn  ]nt  Mint  be™  UH^  tk*  system  n> 
HMUKls  with  aNOT  FOUND,  The  user, 
rrs-ngiiiiiug  li  is  error,  [rips  Again,  this 
tvmc  hv  Evpinp! 

BEGIN/ 

Tfai  comiund  it  ambled  (iignificd 
by  //?.  and  a  new  display  apJMUS 
fFJginr  3)  Bull  indicates  the  3!2  dfie* 
sUins  i>r  mnin  Subject  categories  into 
which  the  ?Ut>i  nrr  ■!i’-idcd  If  llw  user 
wishes  ii  further  bpfnfcdnwn.  3k  may  u*c 
hdl  light  pen  ID  fWsh  n  divisiijn.  Ry 
daiug  *n,  lit:  u  requesting  more  informal" 
[i:!ii  nlnni.it  (li,i[  rjtcgpry  flfld  TCCeivtf*  a 
display  (if  ibe  rnbcliviiinm  (Figure  d). 
Tlif  display  also  nqiplka  dm  nunhr 
of  Cistrips  in  llw  categcwy-  Lf  lie  rfmiilrt 
In  bonne  dimugFi  (lie  Items  ja>  this 
category,  lie  mny  du  sn  by  flashing,  lls-e 
D  Bkii^er  with  hi'  Sigjii  prai  ur  by 
lulling  BROWSE/  fwi  the  tdeiypr  writer. 


Tlif  display  fo-  srouM  mfie  is  d*1 
firsL  .ibstr  ul  in  that  category  (Figure  5). 

IJsii.ilU ,  svIipii  ■.N', ill iia,  svirli  ,h  large 
Ctflleetkin  n-f  cLu'iimrurh,  cmc  is  nut  likely 
to  Mill  lo  brow*  lUrough  Ml  rW  4fcu- 

nmrila  in  a  L-j.teg.Drv.  However,  if  is  enn- 
rcEvahN1,  f’.vfi^finlly  Whfifil  (lw  diXVin>C*il 
collect  kin  h  ore  ni  lie'll  in  ;l  hir-rui'Lhii:  ul 

etassifieiidnui  schedule  such  ^  the  Dewey 
Datintiil  System,  dal  browsing  by  cote- 
gory  will  ]»■  undid ;  tliLn  e.ipaljLltP,  B 
[lurrefori*'  pmvklrd. 

Otclrtwry  fnlcrrosaiiDfi 
and  the  Search  Mode 
A  more  common  ltiorlusd  nr  seeking 
information  is  to  nqurat  documents  liy 
miIii<‘l  t  landings  or  Index  temts,  VI  nm 
infm mnliini  centers  use  a  form  (if  cr>- 
(wdi'^'ite  fode*1ng  and  rdrteve  in  kinruV 
tk>n  by  combilfrg  a  nmnW  nE  iudsr.s 
terms  to  kmn  a  si>edfie  request.  Usually 
a  tmiiM'd  infnrniid  inn  ^fteeill^t  iHU'C  help 
the  user  fnrrmilnlt1  lib  reqirtf-L  Jfrf  in- 
fonnatkin  ioln-  •<  sroirli  n^nml  made  ii]k 
of  Jjaproved  IIHiea;  Icrms.  In  an  inter’ 
icttvt  ^UMI,  the  i.iHr  rc^tucsls  3iefo  hy 
iiili'mkgiitEiijl  1  Im’  diriinnary, 

By ‘way  nf  il  I'lKtr.Ltkm.  tut  ml  Niippftse 
(5tC  user  ic  efoing  rrsr.inrla  [»  the  fiuld 
of  space  Irsvel,  Tie  is  preparing  a  TPfKirL 
on  lliis  subteL-t  rind  he  M'kha  m  search 
the  ■:  ■  i j 1 1 ■  i  l >  n i  bu  «Tev»n6  aitktes.  He 
idts  lit  the  iiu|ui!ry  ^iutiini,  and  aftri  il>C 


fi^teto  is.  in  ope  rat  Eon  lie  begins  hy 
interrogating  (lie  dFctioiWry  In  determilWf 
which  winrub  s.^in  be  used  AS  tndei  lermi 
for  retrfrvnl  pii-qn;i!iei. 

Tli<-  Fotlnwiiig  diidng  t;i!kei  pl-.ice. 

SPACESHIPS? 

THESE  MAY  BE  RELATED  TO 
SPACESHIPS 
SPACESHIP  CABINS 
SPACLSI E  tSS 

SPACESHIPS  -  POWER  SUPPLIES 
SPACESHIPS  -  STAHI3. LTV 

SPACE? 

THESE  MAY  BE  BELATED  TO 
Quire 

SPACE  CAPSULES 

space  charges 

SPACE  EN\ ']  RO  N  MENTAL 
CONDITIONS 
SPACE  FLIGHT 
SPACE  PLIGHT  -  CONTROL 
SPACE  FUCIIT-  SURYIVAt, 

SPACE  MEDICINE 
*CONTINUE?YES 
SPACE  MEDICINE  - 
EFFECTIVENESS 
SPACE  NAVIGATION 
SPACE  PERCEPTION 

C  1&  i  f'p  pi3fj|  Tt  IT  ’ll 

SPACE  RECOVERY  SYSTEMS,  INC.  - 
EL  SEGUNDO.  CALIF, 

SPACK  SCIENCES  LAB..  GENERAL 
FUeCTOC  CXJ..  PHILADELPHIA, 
PA. 

SPACE  SHIPS 
"CONTlNUEfNO 
LUNAR  FS.iGinV 
*NOT  FOUND 
MOON  FLIGHTS? 

*NOT  FOUND 
M  A11S  FIJGHTS? 

■NOT  FOUND 
MOON? 

THESE  MAY  BE  RELATED  TO 
MOON 
MOON 

MOON  ATMOSPHERE 

#END 

LUNAR? 

THESE  MAY  BE  RELATED  TO 
LUNAR 

LUNAR  PROBES 

*END 

MARS? 

THESE  MAY  HE  RELATED  TO  MARS 
MARS 

MARSH  Off  ARLES  A. 

MARSHALL  rCUN  M. 

*ENO 

Mr-  lwgjint  bj  asking  wlvtlwr  SPACE¬ 
SHIPS  t-  an  iiidt^  k'rni.  Ke  (\[K?  in 
thi‘  ■iV.-rd  bdUnwM]  Liy  a  [[iwstinn  inurh. 
‘Dir*  stem  n'^MHnL  sh.i(  in  arlditKm  hi 

SPACiyillTPS  i  hi  re  nrc  ^  unmlber  nf 
other  sltiiilai  tc-mB  that  are  algci  msihle 
index  itutth.  Tlie  ivvskm  finds  tlie>e 
nd.itnl  termi  by  diving  Lin*-  tjnen.-  \uint 
in  hidf  and  liM  .ihnp  all  iiwli^r  N'hiik  ihnl 

start  with  flie  same  tyurbfrdloD  nf 
Ik-ttei-?. 

jhSFOflWAriotJ  von*?.  5tF-rr«hrE  ixrqnm.  :»i 


VACTEC  PHOTOCELLS 


V/fn'  GQfnflQjranff  srr  iho  £ri‘flci,/eOil'e  Startbaird  ihai  Eftt£i/iftes 
SpQ/ls  Fans  iff  Houston's  F&bf6d  *  Astrodome 
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Since  there  is  a  total  of  70  dJrscnmenis 
wbieb  have  been  Indexed  by  these  six 

tarrm,  it  is  dear  lV:it  Sorrua  docunLeniS 
indexed!  by  mranf:  tli-m  mw. 
t  lie  sys-lnn  JiK  iikw  (Iwv  5  L  du4.-uireiifcS 
;ind  dii'pbys  th^  li'l  by  identifidiatHKii 
Mimtwe  *nd  iiwdex  term.  This,  display 
a]jpeur5  on  the  seope  fFigiirc  6}.  Nnte 
el: .it  .ill  thr  diMiLinieetS  are  i*h>L  Able  to 
lie  dis|-i!.iyr<L  jiI  ikih:  linu.1.  Of  Lire  f?l 
d"iitrlps  dinly  -3-7  hiLve  b&tai  ^.-.ndied.  Tlw 
tlSCf  rn^v  ikiw  rdinr>SH!  lefcreitceS  ici  itnr 
danmaniis  that  an:  <?E  leaser  interest.  He 
does  thi'.i  by  light  .panning  ‘‘R"  and  the 
doctirttent  number,  Ek  lighfc.ppisnLug  tEur 
"<T,  or  continue  character,  new  dow- 
merit  ™frrni*e4  wlJt  be  displayed,  He 
may  nlso  reonh'r  tlw  .i  i  rar lgtrmulil  of  the 
display  by  lighC-p4TnriLHg  trre  !-E"  clidr- 
attet  and.  t^'o  docirmern  mimbM  thn( 
lm  wishes  to  exchange. 

Lrt  Lis  snpjHKSL1-  that  in  llvis  taSe  the 
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is,  be  combines  these  terms  by  means  of 
an  OR  rather  Lluin  &¥b  AND  lojgle,  al- 
lli<r.i_il  “  bulb  tlw  AND  and  NO'E'  Ingie 
are  fllw  nvrLi!flble- 

He  makes  his  request  as  follows; 
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13  ENTRIES  ARM  REF'D  BY 
3  ENTRIES  ABE  REF’D  BY 

'END 

SPACE  FLIGHT  OR  SPACE  PROBES 
15  ENTRIES  ARE  REF'D  BY 
6  ENTRIES  ARE  BEF’O  BY 

♦END 

SEARCH/ 
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SPACE  FLIGHT 
SPACE  PROBES 


urcr  decides  tM  hr.  i^  mnn1  tntLmusletl 
ill  space  flight  to  Mnrx  than  be  b  in 
Um.ir  jjrobea.  Probably  doeument  "AD- 
which  eon  tain  i  tlie  (ern^is 
SPACES  EL  I  Is,  MAItS,  and  SPACE 
FLIGHT^  is.  of  most  interest.  He  nwvta 
ft  to  the  liead  of  I  he  list  by  swtiaTiging 
iii  liK  .uion  with  the  doeuBient  that  was; 
prevrously  ftrsl. 

Should  the  user  decide  tn  \uwp  u 
permanent  copy  of  the  display  for  fa  lure 
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Seventh  National  SID  Symposium 


Attendance  of  lOOO  Anticipated 
For  Boston  Meeting  Nov.  18-20 


An  estimated  1000  persons  vitally  con¬ 
cerned  with  Information  Display  tech¬ 
nology  will  attend  the  7th  National  Sym¬ 
posium  of  the  Society  for  Information 
Display  at  the  Hotel  Bradford,  Boston, 
Mass.,  Oct.  18-20. 

According  to  Glenn  Earl  Whitham 
(Raytheon  Co.),  General  Symposium 
Chairman:  “We  have  had  excellent  re¬ 
sponse  to  our  call  for  papers.  This  has 
enabled  us  to  select  an  authoritative 
group  of  papers.  In  fact,  we  have 
dropped  some  we  would  have  liked  to 
utilize. 


Glenn  Earl  Whitham 


General  Chairman 
7th  National  SID  Symposium 

“As  a  result  of  the  fine  selection  of 
technical  papers  available,  the  program 
committee  has  inaugurated  the  proce¬ 
dure  of  selecting  four  standby  papers, 
which  will  be  published  in  the  Proceed¬ 
ings  whether  or  not  the  papers  are  pre¬ 
sented. 

“Regarding  the  Proceedings ,  we  are 
hopeful  that  they  will  be  available  for 
distribution  at  the  Symposium  for  the 
first  time  in  SID  history.” 

Theme  of  the  Symposium  is  “Informa¬ 
tion  Display  as  an  Emerging  Discipline”. 

All  activities  are  centered  in  the  Hotel 
Bradford,  which  is  located  in  the  heart 
of  Boston’s  theatre  district. 
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Technical  Papers 

Robert  C.  Shuppert  (Raytheon),  Sym¬ 
posium  Papers  Chairman,  has  announced 
plans  for  six  sessions  at  which  thirty- 
two  technical  presentations  will  be  made. 

Technical  Session  hours  are  10  a.m. 
to  noon  and  2  to  5  p.m.  on  Tuesday, 
Oct.  18,  and  9  a.m.  to  noon  and  1:30 
to  4:30  p.m.  on  both  Wednesday,  Oct. 
19,  and  Thursday,  Oct.  20. 

Exhibits 

According  to  Frederic  C.  Hills  (NA- 
SA/ERC),  Symposium  Exhibits  Chair¬ 
man,  early  exhibits  registrants  included 
Sylvania,  Litton,  Celco,  Image  Instru¬ 
ments,  Corning  Glass,  Polaroid,  Adams, 
Beta  Instrument,  Thomas  Electronics, 
and  others. 

Exhibit  hours  are  10:30  a.m.  to  9  p.m. 
on  Tuesday,  Oct.  18;  9  a.m.  to  9  p.m. 
on  Wednesday,  Oct.  19;  and  9  a.m.  to 
6  p.m.  on  Thursday,  Oct.  20.  Exhibits 
will  also  be  conveniently  located  at  the 
Bradford. 

Field  Trips 

John  Ward  (of  Project  MAC)  has 
arranged  a  field  trip  to  the  MIT  Mul¬ 
tiple  Access  Computer,  and  another, 
possibly  to  a  major  electronic  military  in¬ 
stallation  in  the  Boston  area,  is  being 
arranged. 

Luncheon  &  Banquet 

The  Keynote  Luncheon  follows  the 
morning  technical  session  on  Tuesday, 
Oct.  18. 

The  annual  banquet  will  be  the  even¬ 
ing  of  Wednesday,  Oct.  19,  following 
the  customary  cocktail  party.  Entertain¬ 
ment  is  planned  for  the  banquet. 

These  are  the  only  two  formal  dining 
activities  during  the  Symposium. 


Ladies'  Program 

The  following  arrangements  are  being 
made  for  ladies  visiting  the  Symposium 
with  their  husbands: 

TUESDAY:  Coffee  in  the  morning;  a 
special  luncheon  at  a  Boston  restaurant 
of  interest;  and  a  specially-arranged  ses¬ 
sion  on  cosmetics  and  makeup  in  the 
afternoon. 

WEDNESDAY:  A  sightseeing  tour 
through  Old  Boston’s  historic  suburbs, 
including  Lexington  and  Concord,  with 
luncheon  at  The  Wayside  Inn. 

THURSDAY:  A  sightseeing  tour 
through  New  Boston,  including  the  Pru¬ 
dential  Tower,  followed  by  a  theatre- 
matinee  in  the  afternoon. 

Symposium  Officials 

In  addition  to  those  mentioned  above, 
Symposium  officials  include  Lester  C. 
Smith  (President,  Image  Instruments), 
General  Symposium  Co-Chairman  —  Pro¬ 
gram;  Joseph  E.  Bryden  (Raytheon), 
General  Co-Chairman  —  Arrangements; 
Robert  T.  Schwartz  (Raytheon),  Chair¬ 
man,  Publicity  and  Registration;  Harry 
Poole  (Raytheon),  Recording  Secretary: 
and  Norman  E.  Fine  (President,  Beta 
Instrument),  Financial  Chairman. 
Proceedings 

7th  S/D  Symposium  Proceedings  are 
available  to  all  S/D  members  without 
charge,  and  to  others  at  $15  per  copy 
(from  Western  Periodicals,  North  Holly¬ 
wood,  Calif.). 


Technical  Papers 

Six  technical  sessions  are  planned,  at 
which  a  total  of  32  papers  are  available 
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Tube  capability  is  right  down  our  alley 


Challenge  has  been  our  game  for 
nearly  30  years  .  .  .  the  challenge 
of  designing,  building,  and  testing 
special  CRT's  for  special  applica¬ 
tions.  We  meet  this  challenge,  con¬ 
tinually,  through  the  know-how 
and  creativity  of  our  champion 
CRT  research  team,  comprising 
some  of  the  most  advanced  minds 
in  the  technology. 

From  our  modern  research  and 
development  facilities  have  come 
many  “firsts"  in  CRT  development. 
Electrostatic  deflection  plates,  alu¬ 
minized  screens,  reticular  optics, 
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and  flying  spot  scanners  are  some 
of  our  pioneering  achievements. 
And  our  contributions  to  industry, 
science  and  the  military  have 
earned  us  a  reputation  for  solving 
particularly  difficult  tube  problems. 

Today,  in  addition  to  virtually  un¬ 
limited  capability  in  special  CRT 
design,  we  offer  the  largest  variety 
of  off-the-shelf  tubes  in  the  indus¬ 
try.  Each  has  undergone  the  qual¬ 
ity-controlled  product  engineering 
and  stringent  testing  required  as  a 
custom  fabricated  item.  And  each 
will  provide  more  display  per  dol- 
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lar  in  the  application  for  which  it 
was  designed. 

Try  pinning  us  down  to  your  indi¬ 
vidual  CRT  needs,  whether  they 
involve  multi-layer  phosphors,  spe¬ 
cial  shapes,  ultra  high  resolution, 
or  multi-guns.  You'll  find  us  “right 
down  your  alley"  when  it  comes 
to  meeting  your  specs.  Why  not 
call  us  today  ...  or  write  for  our 
complete  capability  story. 

GENERAL 
AT  RON  ICS 

ELECTRONIC  TUBE  DIVISION  ^Atron.cs i 
PHILADELPHIA  •  PENNSYLVANIA  19118 


illumination  system,  developed  for 
SELECTROSLIDE  2x2  slide  pro¬ 
jectors,  delivers  twice  as  much  illu¬ 
mination  as  presently  available 
Xenon  slide  projector  modifications; 
four  times  as  much  as  previous 
Selectroslide  models;  six  times  as 
much  as  500-watt  projectors.  Now 
available  on  all  “SL”  series  SELEC¬ 
TROSLIDE  projectors  except  the 
SLM.  Write  for  complete  information. 
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for  presentation.  These  are: 

SESSION  I:  Display  Devices  and 
Techniques— I.  Chairman  is  John  E. 
Ward,  Assistant  Director,  Electronic 
Systems  Laboratory,  Massachusetts  In¬ 
stitute  of  Technology. 

SESSION  II:  Information  Processing 
as  a  Function  of  Display  Format.  Chair¬ 
man  is  Dr.  Dwight  E.  Erlick,  USAF  Be¬ 
havioral  Sciences  Laboratory,  Wright- 
Patterson  AFB,  Dayton,  O. 

SESSION  III:  The  Observer:  Human 
Factors  and  Performance.  Chairman  is 
George  Grant,  Managing  Scientist,  Dun¬ 
lap  and  Associates  Inc. 

SESSION  IV:  Display  Devices  and 
Techniques  —  II.  Chairman  is  Alvin  S. 
Luftman,  Program  Manager,  Display, 
Storage  and  Industrial  Tubes,  Industrial 
Components  Operation,  Raytheon  Co. 

SESSION  V:  Display  Systems.  Chair¬ 
man  is  Ben  Warringer,  Principal  Engi¬ 
neer,  General  Dynamics  Electronics. 

SESSION  VI:  Display  Standards  and 
Measurements.  Chairman  is  Dr.  Carlo  P. 
Crocetti,  Chief,  Display  Techniques 
Branch,  Rome  Air  Development  Center. 

Papers  to  be  presented  at  the  various 
sessions  include: 

Session  I 

Non-Linear  Optical  Filters,  by  Ken¬ 
neth  P.  Lally,  Senior  Staff  Engineer, 
Huyck  Systems  Co. 

ABSTRACT:  A  new  class  of  compos¬ 
ite  optical  filters  has  been  developed 
which  exhibits  markedly  different  trans¬ 
mission  properties  in  opposite  paths 
through  the  filter.  In  one  direction,  op¬ 
tical  energy  may  be  efficiently  trans¬ 
mitted  with  only  moderate  effective  at¬ 
tenuation.  In  the  opposite  direction  the 
filter  will  almost  totally  absorb  optical 
energy,  with  negligible  specular  or  dif¬ 
fuse  reflection.  These  “easy”  and  “hard” 
transmission  characteristics  inevitably 
draw  comparisons  to  a  “diode”  for  en¬ 
ergy  transfer  at  optical  wavelengths. 

The  unusual  transfer  function  of  these 
filters  is  obtained  by  a  combination  of 
both  active  and  passive  optical  media 
and  in  part  exploits  the  irreversible  emis¬ 
sion  properties  of  fluorescent  materials. 
The  paper  will  present  a  theoretical 
model  of  such  a  filter  and  will  analyze 
its  physical  behavior  in  terms  of  simple 
classical  optics  theory.  This  work  is  be¬ 
ing  supported  by  National  Aeronautics 
and  Space  Administration,  Electronics 
Research  Center.  • 

Application  of  Thermochromic  Ma¬ 
terials  in  Display  Devices l,  by  R.  P.  Bor- 
kowski,  L.  N.  Finnie,  M.  Kornblau,  D. 
Grafstein,  and  E.  Hilborn,  Aerospace  Re¬ 
search  Center  of  General  Precision  Inc., 
and  NASA/ERC. 

ABSTRACT:  The  feasibility  of  using 
thermochromic  materials  in  display  de¬ 
vices  is  currently  under  study.  These 

1  This  research  is  being  supported  by  NASA’s  Elec¬ 
tronic  Research  Center,  Cambridge,  Mass.,  under 
Contract  NAS  12-89. 


materials  exhibit  color  changes  when 
heated  and  revert  back  to  their  original 
color  when  cooled.  The  observation  of 
the  color  change  depends  on  a  change 
in  reflection  and  not  on  the  emission  of 
light,  as  is  the  case  in  electroluminescent 
materials.  Thus,  displays  utilizing  ther¬ 
mochromic  materials  are  visible  under 
wide  ranges  of  ambient  illumination. 
Two  prototype  numeric  display  devices 
have  been  constructed  in  which  pure 
ternary  compounds,  Ag.,Hgl4  and  Cu2 
Hgl4,  were  used  as  the  thermochromic 
display  materials.  These  prototypes  gave 
high  contrast  images  and  demonstrated 
the  feasibility  of  devices  of  this  kind. 
Various  new  thermochromic  materials 
have  been  prepared.  Some  of  the  more 
important  properties  of  thermochromic 
materials,  such  as  their  stability,  reversi¬ 
bility,  thermodynamic  characteristics  and 
contrast  will  be  presented.  Experiments 
will  also  be  described  in  which  a  laser 
beam  was  employed  to  “write”  on  a 
thermochromic  material,  and  others  in 
which  the  thermochromic  material  was 
substituted  for  the  phosphor  in  a  cath¬ 
ode  ray  tube.  • 

A  Solid-State  Matrix  Display  Employ¬ 
ing  Gallium  Phosphide  Diodes,  by  A. 
Kawaji  and  H.  Shiraki,  both  of  Semi¬ 
conductor  Division,  and  T.  Ando  and  T. 
Okubo,  both  of  Central  Research  Labor¬ 
atories,  all  of  Nippon  Electric  Company 
Ltd.,  Tokyo,  Japan. 

ABSTRACT:  This  paper  describes  a 
solid-state  diode  matrix  display  employ¬ 
ing  Gallium  Phosphide  light  source, 
which  has  been  devised  to  investigate 
the  possibility  to  be  used  as  a  solid- 
state  display. 

The  matrix  is  composed  of  4  (row), 
5  (column)  diodes,  which  emit  the  light 
of  about  7000  A  in  wavelength  with  a 
quantum  efficiency  of  about  0.5%  when 
forward  biased  by  4-8  volts  while  they 
hardly  do  when  back  biased  below  8 
volts. 

By  making  use  of  the  above  men¬ 
tioned  characteristics  of  light  emissive 
properties,  the  diode  matrix  was  scanned 
by  two  separate  scan  generators  for  a 
row  and  column  lines,  respectively. 
Characters,  0  to  9,  were  successfully  dis¬ 
played  on  this  device  by  a  row  pulse 
and  signals  from  “And  Gate”  of  column 
and  character  generator  signals. 

According  to  the  experiment  with  this 
display  device,  the  scanning  speed  per 
one  word  is  40  Msec  and  light  intensity 
of  a  diode  is  30  foot-lambert  at  the  cur¬ 
rent  of  80mA. 

As  far  as  the  characteristics  of  light 
emission  from  GaP  diode,  it  is  shown 
that  the  color  changes  continuously  from 
red  to  green  with  the  increase  of  cur¬ 
rent  as  well  as  the  doping  conditions 
with  donors  and  acceptors.  • 

Session  II 

Development  and  Evaluation  of  an 
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Aircraft  Photochrojnic  Pictorial  Navi¬ 
gation  Display,  by  James  E.  Brown, 
Bunker-Ramo  Corp. 

ABSTRACT :  This  paper  describes  the 
development  and  application  of  a  pho- 
tochromic  display  device  for  the  purpose 
of  presenting  aircraft  navigation  and 
landing  information.  The  device  was  of 
the  rear-projection  type.  The  display 
screen  consisted  of  a  six  by  eight  inch 
screen  upon  which  the  simulated  track 
of  an  object  such  as  an  aircraft  was 
displayed.  The  track  appeared  as  a  small 
dark  moving  comet-like  trace  which  was 
superimposed  over  any  one  of  six  back¬ 
ground  slides.  These  background  slides 
were  used  to  present  the  navigation  dis¬ 
plays.  Development  of  the  navigation 
slides  for  use  in  the  display  was  predi¬ 
cated  upon  considerations  of  the  vehicle 
performance,  mission  requirements  and 
the  equipment  limitations.  The  rationale 
for  the  development  of  the  navigation 
display  slides  is  discussed. 

Once  the  navigation  displays  were  de¬ 
veloped  and  fabricated,  the  photochrom- 
ic  display  device  was  used  in  the  Mark 
IV  System  Test.  The  Mark  IV  System 
was  a  simulator  research  aircraft  system 
which  utilized  many  new  display-control 
concepts. 

Results  of  the  Mark  IV  System  Test 
are  compared  with  those  of  another  sim¬ 
ilar  but  separate  study.  The  implication 
of  this  comparison  is  that  pictorial  navi¬ 
gation  displays  of  the  type  developed 
for  the  photochromic  display  hold  a  high 
degree  of  promise  for  the  aircraft  situ¬ 
ation.  The  problems  of  developing  these 
displays  to  realize  their  full  potential  is 
one  which  the  hardware  engineer  and 
the  display  designer  must  work  together 
to  solve.  • 

The  Interaction  of  Display  Mode  and 
Keying  Performance,  by  Dr.  Richard  L. 
Deininger,  Bell  Telephone  Laboratories. 

ABSTRACT:  Initially,  the  studies  re¬ 
lating  to  the  interaction  between  the 
characteristics  of  the  display  and  the 
speed  and  accuracy  of  keying  will  be 
reviewed.  Emphasis  will  be  placed  on 
the  importance  of  population  stereotypes 
regarding  the  relation  of  the  display  and 
the  responses  in  determining  perform¬ 
ance.  Then  the  discussion  will  turn  to 
the  relation  of  keying  speed  and  accur¬ 
acy  to  display  characteristics  and  to 
human  short  term  memory.  A  study  will 
be  reported  in  which  the  display  mode 
produced  significant  and  large  differ¬ 
ences  in  keying  performance  relecting 
the  characteristics  of  human  short  term 
memory.  • 

Evaluation  of  Probabilistic  Displays, 
by  Dr.  George  N.  Ornstein,  North  Ameri¬ 
can  Aviation,  Columbus,  O. 

ABSTRACT:  Many  situations  in  which 
humans  are  required  to  act  are  probabil¬ 
istic  in  nature.  That  is,  the  human  is 
required  to  respond  in  a  situation  where 
he  is  presented  with  uncertain  or  fallible 
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information.  In  such  a  situation,  it  may 
be  useful  to  present  information  to  the 
human  using  a  display  in  which  the  es¬ 
sential  probabilistic  structure  of  the  in¬ 
formation  is  preserved  and  explicitly 
presented.  This  paper  presents  a  study 
of  four  different  probabilistic  displays. 
The  effectiveness  of  operators  in  esti¬ 
mating  probabilities  using  these  displays 
and  in  making  decisions  with  such  dis¬ 
plays  is  evaluated  and  compared  with 
the  effectiveness  of  operators  using  a 
non-probabilistic  (conventional)  display. 
The  results  support  the  feasibility  of 
probabilistic  information  presentation.  • 

Constructing  Data  Pictures,  by  Dr. 
Ronald  M.  Pickett,  Harvard  University 
School  of  Public  Health,  and  Dr.  Ben¬ 
jamin  White,  Lincoln  Laboratory,  Mass¬ 
achusetts  Institute  of  Technology. 

ABSTRACT:  The  use  of  graphic  dis¬ 
plays  for  presenting  data  to  human  ob¬ 
servers  is  well  known  and  documented. 
The  advantages  appear  to  be  due  to  the 
fact  that  measures  can  be  sensed  more 
directly  when  shown  as  geometrical 
properties  in  some  physical  model  than 
when  presented  in  the  form  of  arbitrary 
symbols.  If  we  represent  a  measure  by 
its  conventional  symbol,  “2”  for  example, 
it  is  in  no  visible  sense  half  of  four  or 
one-third  of  six,  but  when  it  is  repre¬ 
sented  by  a  length  of  line  or  by  the 
position  of  a  point  it  is.  Conventional 
graphic  displays  are  largely  limited  to 
the  “length  of  line-position  of  point” 
approach.  This  has  been  partly  a  matter 
of  habit,  but  mostly  a  matter  of  con¬ 
venience  and  economy.  Large  amounts 
of  data  from  many  research  disciplines, 
however,  has  forced  us  to  explore  for 
some  more  global  graphic  techniques. 
Developments  in  computer  graphics  have 
made  a  number  of  new  approaches 
economically  feasible.  The  present  paper 
will  suggest  some  new  approaches  to 
graphic  displays  in  which  data  measures 
control  a  wide  variety  of  geometrical 
properties  in  a  data  picture.  The  result¬ 
ant  displays  may  take  on  the  appearance 
of  some  substance  or  process,  and  the 
subjective  “data  analysis”  may  be  in  the 
form  of  certain  physical  descriptions  of 
the  display  such  as  descriptions  of  its 
softness,  flexibility,  jaggedness,  bushy- 
ness,  etc.  Some  static  and  dynamic  ex¬ 
amples  of  such  displays  will  be  pre¬ 
sented.  • 

Display  Design  Standards  Based  Upon 
Human  User  Requirements,  by  Dr.  Wal¬ 
ter  F.  Grether,  USAF  Behavioral  Sciences 
Laboratory,  Wright-Patterson  AFB. 

ABSTRACT:  For  information  dis¬ 
plays  to  serve  their  purpose  of  commu¬ 
nicating  information  they  must  be  de¬ 
signed  to  match  human  capabilities  for 
information  reception  and  comprehen¬ 
sion.  Available  data  about  human  visual 
and  perceptual  capabilities,  and  the  de¬ 
sign  of  displays  to  match  these,  is  being 
compiled  into  a  revised  chapter  on  “Vis- 
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ual  Presentation  of  Information”  for  the 
Human  Engineering  Guide  to  Equip¬ 
ment  Design.  These  handbook  data  will 
cover  the  subjects  of:  (1)  General  Dis¬ 
play  Principles;  (2)  Visual  Detection, 
Identification,  and  Estimation;  (3)  Work¬ 
place  Illumination;  (4)  Visual  Coding; 
(5)  Warning  and  Signal  Devices;  (6) 
Mechanical  Indicators;  (7)  Electronic 
Displays;  (8)  Printed  Materials;  and 
(9)  Projection  Displays.  This  paper  will 
describe  the  status,  objectives,  and  gen¬ 
eral  content  of  the  handbook  chapter. 
It  also  will  give  selected  samples  of  the 
types  of  data  and  design  recommenda¬ 
tions  it  will  provide.  • 

Session  III 

Extending  Image  Reproduction  Sys¬ 
tem  Analysis  to  Include  the  Observer . 
by  Calvin  K.  Clauer,  International  Busi¬ 
ness  Machines  Coip. 

ABSTRACT:  Information  display  sys¬ 
tems  can  be  roughly  classified  as  either 
image  reproduction  or  image  synthesis 
systems.  The  image  reproduction  sys¬ 
tems  produce  a  visual  display  which  is 
an  analog  reproduction  of  an  existing 
source  pattern  as  exemplified  by  photo¬ 
graphic  projection  and  closed  circuit 
television  *  displays.  The  technique  of 
employing  a  modulation  transfer  func¬ 
tion  (MTF)  to  characterize  image  repro¬ 
duction  systems  of  all  kinds  has  been 
found  to  be  very  useful  for  performing 
predictive  analysis.  While  such  analyti¬ 
cal  methods  are  effective  for  character¬ 
izing  physical  image  systems,  they  have 
not  provided  quantitative  evaluation  of 
the  display  from  the  observers’  view¬ 
point. 

By  plotting  the  contrast  threshold 
function  of  a  “standard  observer”  on  the 
same  coordinates  as  the  system  modula¬ 
tion  transfer  function,  difference  values 
can  be  obtained  which  represent  the  ob¬ 
jective  physical  modulation  transfer  (or 
contrast)  above  threshold.  A  rationale 
is  presented  for  employing  the  reno¬ 
tated  Munsell  value  scale  as  a  psycho¬ 
physical  response  scale  in  this  supra- 
threshold  region.  The  procedure  for  con¬ 
verting  the  physical  modulation  levels 
above  threshold  to  this  psychophysical 
response  scale  is  described.  Finally,  the 
advantages  of  this  procedure  are  demon¬ 
strated  by  examples.  • 

Evaluation  of  some  Display  System 
Parameters  with  Human  Performance 
Measures,  by  Calvin  K.  Clauer,  A.  S. 
Neal,  and  R.  L.  Erdmann,  International 
Business  Machines  Corp. 

ABSTRACT :  The  physical  parameters 
which  affect  display  “quality”,  such  as 
screen  luminance  and  contrast,  are  well 
known  and  readily  measured.  However, 
display  system  designers  need  to  know 
how  the  user  of  the  display,  the  human 
observer,  will  perform  as  a  function  of 
many  display  parameters.  Traditional 
human  factors  literature  is  helpful,  but 
such  sources  usually  treat  the  human 
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visual  process  at  threshold  levels  and 
typically  consider  only  one  of  the  many 
physical  parameters  at  a  time.  There¬ 
fore,  human  performance  measures  are 
generally  necessary  to  evaluate  the  ef¬ 
fects  of  specific  parameters  in  the  supra- 
threshold  situation  of  complex  real  dis¬ 
play  systems.  Subjective  judgments,  such 
as  preferences  for  various  physical  para¬ 
meters,  can  also  be  obtained,  but  such 
criteria  show  high  variability  and  are 
frequently  misleading. 

In  a  study  conducted  with  a  rear  pro¬ 
jection  teaching  machine,  human  per¬ 
formance  measures  were  used  to  evalu¬ 
ate  certain  display  parameters.  The  phys¬ 
ical  parameters  of  screen  luminance, 
ambient  illumination  and  image  polarity 
(positive  or  negative)  were  investigated. 

In  another  study,  television  displays 
were  compared  to  film  displays  to  de¬ 
termine  points  of  equal  “quality”.  The 
physical  parameters  were  character  size, 
television  bandwidth  and  film  image 
size.  The  human  performance  measure 
was  legibility,  i.e.,  the  percent  of  cor¬ 
rectly  identified  letters.  Preference  in¬ 
formation  was  also  obtained  which  clear¬ 
ly  demonstrated  the  discrepancy  which 
is  often  found  between  subjective  judg¬ 
ments  and  objective  performance  meas¬ 
ures.  • 

Pulfrich  Space  Form,  by  H.  B.  Til¬ 
ton,  Optical  Electronics  Inc. 

ABSTRACT:  A  little-known  stereo 
effect,  the  Pulfrich  stereophenomenon, 
is  capable  of  producing  stereo  depth 
from  single  displays  in  a  dynamic  situ¬ 
ation.  A  virtual  depth  excursion  is  gen¬ 
erated  by  a  stimulus  point  (target) 
moving  horizontally,  when  the  observer 
receives  unequal  binocular  retinal  il¬ 
luminances  (obtained,  for  example,  by 
viewing  with  a  neutral  density  filter  be¬ 
fore  one  eye ) . 

The  effect  is  attributed  to  the  exist¬ 
ence  of  a  significant  time  delay  be¬ 
tween  retinal  stimulation  and  receptor 
response,  and  the  resulting  differential 
delay  that  exists  when  viewing  a  la  Pul¬ 
frich.  This  differential  delay  in  a  dy¬ 
namic  display  produces  a  retinal  image 
disparity  resulting  in  stereo  depth.  The 
subjective  space  form  so  produced  is  the 
Pulfrich  space  form  (PSF). 

Indications  are  that  applications  may 
exist  for  the  Pulfrich  effect  in  some 
areas  of  3-D  data  display.  • 

Human  Factors  in  the  Design  of  Air¬ 
borne  Television  Displays,  by  Miss  Bev¬ 
erly  M.  Hillman,  Aerospace  Systems  Div., 
Radio  Corporation  of  America. 

ABSTRACT:  Recent  advances  in  the 
capability  of  electro-optical  imaging  sys¬ 
tem,  particularly  with  respect  to  light 
sensitivity,  have  caused  an  increasing  in¬ 
terest  in  television  displays  for  military 
aerial  operations.  Each  type  of  mission 
calls  for  its  own  particular  design  charac¬ 
teristics  to  optimize  operator  effective¬ 
ness.  This  paper  will  discuss  the  variables 


involved  in  television  viewing  related  to 
visual  interpretation. 

The  principal  variables  which  must  be 
considered  are:  (1)  The  mission  charac¬ 
teristics,  (2)  The  imaging  system,  includ¬ 
ing  contrast  rendition,  line  coverage  and 
signal-to-noise  properties,  (3)  Human 
visual  capabilities,  in  terms  of  resolution 
and  contrast  perception  and  search  time, 
and  (4)  viewing  conditions  such  as  kine¬ 
scope  size  and  shape  and  the  ambient  en¬ 
vironment.  • 

Some  Problems  in  the  Display  of  In¬ 
formation  for  Weather  Forecasting,  by 
Donald  B.  Devoe,  Applied  Research  Lab¬ 
oratory2,  Sylvania  Electric  Products  Inc. 

ABSTRACT:  Weather  forecasting  rep¬ 
resents  a  type  of  data  processing  char¬ 
acterized  by  large  amounts  of  heterogen¬ 
eous  data  that  must  be  analyzed  rapidly 
as  a  basis  for  critical  decisions.  The  pre¬ 
processing  and  display  of  this  informa¬ 
tion  in  a  form  suitable  for  interpretation 
and  prediction  by  the  forecaster  merits 
more  study,  particularly  in  the  light  of 
recent  advances  in  the  techniques  of 
computer-aided  analysis  and  display.  This 
paper  discusses  the  nature  of  today’s 
visual  aids  to  forecasting,  some  of  the 
strengths  and  weaknesses  of  these  aids, 
and  the  potentialities  of  adapting  ad¬ 
vanced  concepts  of  data  display  to  weath¬ 
er  forecasters’  requirements,  as  revealed 
in  a  survey  of  Air  Force  weather  fore¬ 
casters.  The  results  of  a  pilot  study  are 
reviewed  and  discussed.  The  study  in¬ 
volves  an  optical  simulation  of  a  possible 
advanced  weather  forecaster’s  console 
that  peimits  the  forecaster  to  select  aids 
by  pushbutton  action,  with  capabilities 
for  some  superposition  and  animation. 
The  reactions  of  experienced  weather 
forecasters  to  this  capability  are  sum¬ 
marized.  Potential  problems  for  future  re¬ 
search  are  discussed.  • 

Numerical  Displays  Evaluation  (Stand¬ 
by  Paper),  by  H.  J.  Caulfield,  Texas  In¬ 
struments  Inc. 

ABSTRACT:  Displays  forming  a  part 
of  a  complex  system  serve  the  puipose 
of  transfering  information  to  a  viewer. 
The  viewer  acts  on  the  basis  of  received 
information.  Even  if  his  reaction  is  per¬ 
fect  (i.e.,  if  we  postulate  an  ideal  view¬ 
er),  his  actions  may  have  a  detrimental 
effect  on  mission  performance  if  he  has 
not  received  the  proper  information.  The 
effect  of  mistransfer  of  information  on 
mission  performance  can  be  assessed 
mathematically.  Such  an  analysis,  pre¬ 
sented  here,  leads  to  a  numerical  display 
evaluation  index,  “I”,  with  the  following 
properties : 

( 1 )  “I”  quantifies  mission  success  on 
a  ratio  scale,  i.e.,  any  similar 
quantification  can  differ  from  “I” 
only  by  a  scale  factor, 

(2)  “I”  does  not  consider  such  impor- 

3  This  research  was  supported  by  the  Air  Force 
Systems  Command,  USAF,  Electronic  Systems  Di¬ 
vision,  under  Contract  AF19(628  )-5176. 

INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 


A  UNIQUE  CONCEPT  IN  HIGH  SPEED  FILM 
PLOTTING  FOR  FRONT  OR  REAR  PROJECTION 


100  SLIDE  RANDOM  ACCESS  CONFIGURATION 


The  new  SCOPUS  II  Plotting  Projector  offers: 

■  Low  logistics  cost,  simplified  storage  and  retrieval, 
large  storage. 

■  High  Speed,  accurate,  front  or  rear  display  of  dy¬ 
namic  track  data,  alphanumeric  and  special  symbols. 

■  Time  sharing  of  data. 

■  Acceptance  of  inputs  from  digital  and  analoq  com¬ 
puters  and  manual  control  units. 

THE  CONCEPT: 

SCOPUS  II  ®  plots  on  an  opaque  coated  70  mm  stabil¬ 
ized  polyester  film.  This  new,  unique  plotting  medium 
offers  vastly  simplified  random  access  and  extra  long 
length  films  for  single  frame  advance.  The  use  of  film 
simplifies  storage  and  retrieval  problems,  providing  a 
new  low  in  the  cost  of  logistics. 

SCOPUS  II  ®  Plotting,  Reference  and  Spotting  projec¬ 
tors  can  be  used  in  a  wide  range  of  display  system 
applications  in  single  or  multiple  projector  units. 

For  an  immediate  technical  consultation  as  to  how  our 
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tant  parameters  as  cost,  esthetics, 
weight,  etc.,  and 

(3)  “I”  can  only  be  approximated  in 
any  real  case. 

A  method  is  derived,  without  positing 
of  results,  whereby  an  arbitrarily  good 
approximation  to  “I”  can  be  obtained. 
Introduction  of  a  single  plausible  as¬ 
sumption  permits  great  simplifications. 
Both  the  general  and  the  simplified  ap¬ 
proaches  are  discussed  in  terms  of  in¬ 
formation  theory,  game  theory,  and  sig¬ 
nal  detection  theory. 

The  limitations  of  this  entire  approach 
in  those  cases  in  which  the  system  mis¬ 
sion  is  ill-defined  (e.g.,  television,  mov¬ 
ies)  are  discussed.  Non-numeric  evalua¬ 
tion  of  such  displays  is  discussed.  • 
Session  IV 

High  Resolution  Multi-Color  Storage 
Tube,  by  Phillip  P.  Damon,  Hughes  Air¬ 
craft  Co. 

ABSTRACT:  A  color  display  storage 
tube  having  resolution  and  environment¬ 
al  ruggedness  equal  to  monochromatic 
display  storage  tubes  has  been  demon¬ 
strated.  Color  characteristics  may  be  op¬ 
timized  by  electronic  means  external  to 
the  tube  with  this  novel  design.  Applica¬ 
tions  are  suggested.  In  addition  to  the 
color-shift  display,  a  monochromatic  half¬ 
tone  mode  of  operation  in  one  of  several 
colors  is  provided.  • 

Magneto-Optic  Properties  of  Electro¬ 
plated  NiFe  Films  and  their  Characteris¬ 
tics  as  Display  Elements  and  Devices,  by 
Lewis  E.  Somers,  General  Electric  Co. 

ABSTRACT:  Electroplated  NiFe  films 
have  a  number  of  properties  which,  when 
combined  properly  with  magnetic  drive 
fields  and  colloidal  suspensions  of  ferro¬ 
magnetic  particles,  provide  a  useful  dis¬ 
play  device.  The  optical  activity  of  the 
device  can  be  characterized  by  an  optical 
grating,  the  period  and  direction  of  which 
can  be  adjusted  both  magnetically  and  as 
a  material  property.  The  properties  of 
the  magneto-optic  device  and  the  result¬ 
ant  display  characteristics  are  presented. 

It  is  possible  to  fabricate  monochrome, 
color  and  black-and-white  displays.  Di¬ 
rect  view  and  projection  displays  are 
possible.  These  have  all  been  fabricated; 
their  characteristics  are  presented.  Tech¬ 
niques  For  developing  grey  scale  and  3D 
displays  are  also  presented.  • 

A  New  Device  for  Versatile  Display 
Systems  —  The  Electrostatic  Storage  Dis¬ 
play  Tube,  by  Jan  Engel  and  Arthur  M. 
Eldridge  Jr.,  International  Business  Ma¬ 
chines  Corp. 

ABSTRACT:  A  novel  approach  to  the 
storage  and  display  of  information  has 
been  recently  described  by  the  authors.3 
This  is  a  technology  which  combines  the 
intrinsic  charge  storage  property  of  a 
dielectric  membrane  and  the  high  speed, 
high  resolution  capability  of  a  newly  de- 

3  J.  M.  Engel  and  A.  J.  Eldridge  Jr.,  24th  Annual 
Conference  on  Electron  Device  Research,  IEEE, 
Pasadena,  California  (June  29,  1966). 
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veloped  electron  gun  with  an  independ¬ 
ent  optical  system  to  provide  high  con¬ 
trast,  bright,  large  screen  display. 

These  ideas  have  now  been  incorpor¬ 
ated  in  a  new  sealed  tube  which  does 
not  require  the  use  of  vacuum  pumping 
equipment.  This  tube  essentially  separ¬ 
ates  the  writing/recording  function  from 
the  actual  display  function  and  thus  pro¬ 
vides  several  significant  advantages  over 
conventional  storage  display  tubes.  The 
write  gun  can  be  designed  for  high  reso¬ 
lution  at  very  high  writing  speeds.  It  does 
not  need  to  draw  a  high  current  since 
no  phosphor  has  to  be  lit.  On  the  other 
hand,  the  optical  display  system  can  be 
independently  designed  to  fit  a  number 
of  specific  applications  from  high  density 
recording  on  film  to  bright,  flicker  free, 
theatre  size  displays.  Other  advantages 
include  resolutions  of  the  order  of  2000 
TV  lines  per  useful  field  of  view,  writing 
speeds  variable  from  about  a  frame/hour 
to  better  than  commercial  TV  speeds, 
storage  times  of  over  one  month  (requir¬ 
ing  no  electric  power),  and  up-date  or 
cycle  times  of  less  than  3  seconds.  • 

PSIN-EL-PC  Display,  by  Richard  D. 
Stewart,  General  Electric  Co. 

ABSTRACT:  The  discovery  of  a  light- 
emitting  negative-resistance  PSIN  diode 
(P- region -Semi- Insulating  region -N  re¬ 
gion)  diode  has  provided  a  new  and 
highly  successful  approach  toward  the 
implementation  of  a  solid  state  light  emit¬ 
ting  display. 

The  PSIN  diode  is  a  single  crystal  semi¬ 
conductor  device  fabricated  in  GaAs,  ex¬ 
hibiting  a  negative  resistance  character¬ 
istic.  In  the  low  impedance  state,  optical 
emission  takes  place  from  the  face  of  the 
diode.  The  wavelength  is  8870  A,  in  the 
near  IR. 

Because  of  the  negative  resistance  char¬ 
acteristic,  these  devices  can  be  assembled 
into  an  X-Y  matrix,  and  electrically  pulsed 
into  either  an  emitting  or  non-emiting 
state. 

Conversion  of  the  IR  image  to  a  vis¬ 
ible  image  can  be  best  accomplished  with 
an  EL-PC  image  converter. 

The  ability  of  the  PSIN  diode  to  pro¬ 
vide  a  memory  to  the  display,  eliminates 
the  need  to  continually  refresh  the  dis¬ 
play  surface. 

A  400  element  (20  x  20)  display  is 
presently  being  assembled  under  con¬ 
tract  DA28-043-AMC-01486 ( E ) ,  with 
the  U.S.  Army  Electronics  Command. 
Operation  and  fabrication  of  this  display 
will  be  described.  • 

Basic  EL  Designs  for  Space  and  Mili¬ 
tary  Applications,  by  R.  W.  Christensen 
and  VV.  R.  McKeirnan,  Sylvania  Electric 
Products  Inc. 

ABSTRACT:  A  new  dimension  in  vis¬ 
ual  displays,  as  well  as  lighting,  was 
made  possible  with  the  advent  of  elec¬ 
troluminescence  (EL).  EL  offers  almost 
limitless  flexibility  in  customized  dis¬ 


plays,  as  well  as  standard  numeric  and 
solid  area  displays. 

By  their  inherent  nature,  EL  readouts 
are  especially  suited  for  stringent  mili¬ 
tary  and  space  display  applications.  Out¬ 
standing  features  of  these  ruggedized 
devices  include  solid  state  reliability, 
hermetic  seal,  low  power  consumption, 
compact  panel  design,  low  reflection, 
wide  viewing  angle  (almost  180°)  and 
light  weight. 

This  paper  will  present  two  basic  EL 
readout  panel  designs:  hermetically 
sealed,  metal-glass  variety  and  the  all¬ 
glass  design.  They  will  be  discussed  along 
the  lines  of  design,  fabrication,  develop¬ 
ment,  “in-house”  evaluations  and  quality 
testing.  The  all-glass  design  is  a  recent 
development  and  has  a  potential  for  lar¬ 
ger  area  displays  and  provides  optimum 
pin-electrode  segment  registry.  • 

The  Cathode  Ray  Tube  —  A  Child  of 
Compromise,  (Standby  Paper)  by  D. 
G.  Cowden  and  A.  D.  Johnson,  Sylvania 
Electric  Products. 

ABSTRACT:  Todays  information  dis¬ 
play  system  design  engineer  is  faced  with 
the  complex  problem  of  specifying  the 
optimum  cathode  ray  tube  to  interface 
the  system  to  the  observer.  Quite  often 
standard  “off-the-shelf”  items  will  not 
meet  his  specific  requirements  and  he 
must  request  a  special  design  from  the 
tube  manufacturer. 

To  achieve  the  best  possible  results 
in  the  design  of  a  cathode  ray  tube  it  is 
first  necessary  to  determine  the  ideal 
tube.  Then  it  must  be  decided  which 
features  are  most  important  and  which 
can  be  compromised  without  significant¬ 
ly  affecting  system  performance. 

Some  of  the  factors  discussed  are  size 
of  display,  deflection  and  focusing  meth¬ 
ods,  phosphor  responses  and  receptors, 
sensitivity,  resolution,  brightness  and 
power  requirements.  Several  tube  de¬ 
signs  are  presented.  Their  most  impor¬ 
tant  characteristics  and  features  are  dis¬ 
cussed  from  an  application  standpoint  in 
contrast  with  those  which  permitted 
some  compromise.  • 

Session  V 

The  Design  and  Development  of  a 
Comp uter- Driven  Electroluminescent 
Vertical  Scale  Indicator,  by  J.  A.  Pelle¬ 
grino  and  W.  C.  Vesser,  Aerospace  Pro¬ 
ducts  Research  Corp. 

ABSTRACT:  The  design  and  devel¬ 
opment  of  a  digital  computed  drive  elec¬ 
troluminescent  (EL)  vertical  scale  indi¬ 
cator  under  contract  NAS  7-420  with  the 
National  Aeronautics  and  Space  Admini¬ 
stration  involved  the  application  of  ad¬ 
vanced  state-of-the-art  techniques  to  the 
production  of  a  complete  spacecraft  qual¬ 
ity  instrument.  The  presentation  describes 
the  design  configuration,  developmental 
problems,  and  the  solutions  chosen  for 
the  production  of  the  completely  solid- 
state  instrument.  Emphasis  was  placed  on 
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size,  weight,  power,  reliability,  and  dis¬ 
play  readability  consistent  with  condi¬ 
tions  encountered  in  a  spacecraft  envir¬ 
onment.  Factual  and  detailed  data  pre¬ 
sented  describe  digital  microcircuit,  EL 
lamp  controls,  and  EL  lamp  selection 
and  performance  results.  The  EL  lamp 
brightness  regulated  display  concept  util¬ 
ized  is  described  in  detail.  The  design 
approach  was  proven  by  the  construction 
and  test  of  an  instrument. 

The  production  of  the  instrument  is 
presently  underway  and  it  will  be  eval¬ 
uated  by  NASA  in  a  simulation  environ¬ 
ment.  The  flexibility  provided  by  this  de¬ 
sign  will  allow  displays  color  combina¬ 
tion,  observer  impact  evaluation  and 
functional  presentation  method  evalua¬ 
tion  necessary  to  provide  solid-state  in¬ 
struments  that  can  support  man’s  expand¬ 
ing  effort  in  the  exploration  of  space.  • 

A  Multicolor  Laser  Digital  Data  Dis¬ 
play  System,  by  Charles  E.  Baker  and 
Larry  L.  Pipken,  Texas  Instruments  Inc. 

ABSTRACT:  A  large-screen,  digital 
data  display  system  which  is  presently 
being  developed  will  be  discussed.  This 
real-time,  projection  display  system  is 
particularly  suited  for  on-line  operation 
with  a  digital  computer.  Coherent  light 
from  red,  blue  and  green  lasers  is  modu¬ 
lated  and  deflected  to  produce  a  512- 
by  512-point,  seven-color  display.  System 
specifications  call  for  a  15-foot-lambert 
brightness  display  on  a  6-foot  by  6-foot 
rear  projection  screen.  The  design  is  such 
that  the  resolution  can  readily  be  in¬ 
creased  to  1024  by  1024  points. 

This  laser  display  system  differs  from 
the  previously  described  television  type, 
raster  scan  laser  displays  in  that  all  262, 
144  points  of  a  computer-generated  im¬ 
age  are  stored  magnetically  and  repro¬ 
duced  60  times  a  second  to  generate  a 
flicker-free  display  image.  The  means  of 
scanning  is  such  as  to  insure  nearly  per¬ 
fect  linearity  and  color  registration. 

The  display’s  update  rate  is  limited 
only  by  computer  information  transfer 
rates  and  can  exceed  one  million  bits  per 
second. 

The  optical  and  electronic  design  of 
the  display  will  be  described  with  par¬ 
ticular  attention  being  given  to  laser  se¬ 
lection,  light  modulation  and  deflection 
techniques  and  image  storage.  Photo¬ 
graphs  of  actual  display  operation  will 
be  shown.  • 

A  200  KHz  Phonevision  System,  by 
Sid  Deutsch,  Polytechnic  Institute  of 
Brooklyn. 

ABSTRACT:  A  200  kc/sec  phonevi¬ 
sion  system  will  be  described.  Since  it  is 
not  possible  to  fully  depict  visual  effects 
by  means  of  slides,  a  motion  picture  of 
experimental  results  will  also  be  demon¬ 
strated  (if  facilities  are  available). 

The  picture  contains  100,000  elements. 
Since  the  given  bandwidth  is  equivalent 
to  400,000  elements/sec,  the  frame  fre- 
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qnenev  is  approximately  4  cycles/sec.  In 
order  to  minimize  flicker  with  such  low 
frame  rates,  pseudo-random  dot  scan  is 
employed  in  conjunction  with  a  medium- 
persistence  phosphor.  The  system  specifi¬ 
cations  are  as  follows: 

Frame  frequency  3.75  cps 
Bandwidth  196,830  cps 
Total  elements  324  x  324  =  104,976 
Coarse  scan  60  cps  x  4860  cps 
Coarse  scan  elements  81  x  81 
Random  scan  elements  4x4 

The  bandwidth  of  200  kc/sec  repre¬ 
sents  a  reasonable  compromise  between 
cost  and  quality. 

As  implied  in  the  above  listing,  a  single 
field  consists  of  81  x  81  =  6561  elements 
which  are  deposited  in  1/60  second.  Each 
of  these  elements  is  slightly  displaced, 
during  subsequent  fields,  in  a  pseudo¬ 
random  fashion.  During  16  fields,  the 
entire  roster  of  6561  x  16  =  104,976  ele¬ 
ments  is  covered. 

The  pseudo-random  motion  is  pro¬ 
vided  by  four  square  waves  (30,  15,  7.5 
and  3.75  cps)  that  can  be  synchronized 
with  a  single  reset  pulse.  • 

Evaluation  of  Narrow  Bandwidth  TV 
Displays,  by  Dr.  Lloyd  Kaufman,  Dr. 
James  Lincoln,  and  Colin  Pitblado,  Sper¬ 
ry  Rand  Research  Center. 

ABSTRACT:  The  design  of  a  narrow 
BW  TV  for  transmission  over  acoustic 
channels  is  being  investigated.  Among 
the  problems  associated  with  such  a  sys¬ 
tem  are  the  identification  of  the  proper¬ 
ties  of  various  scan  formats  which  maxi¬ 
mize  the  amount  of  usable  information 
which  can  be  conveyed  by  the  system, 
and  the  determination  of  the  limits  of 
the  observer’s  ability  to  make  the  kinds 
of  discriminations  which  might  conceiv¬ 
ably  be  required  with  the  use  of  such  a 
system.  The  approach  being  followed  in¬ 
volves  performance  of  certain  visual  tasks 
selected  to  develop  and  sample  relevant 
perceptual  criteria.  Among  these  tasks 
are  discriminations  of  simple  shape  and 
line  orientation,  recognition  of  familiar 
faces,  and  determination  of  thresholds 
for  angularity  and  curvature.  Also  under 
study  is  the  possible  advantage  afforded 
by  stereoscopic  viewing  as  opposed  to 
ordinary  two-dimension  presentation. 

Special  attention  is  being  given  to 
pseudo-random  dot  scans,  dot-line  inter¬ 
laces,  and  scans  which  are  spatially  quan¬ 
tized,  since  conventional  line  scans  at 
the  reduced  bandwidths  under  study  re¬ 
sult  in  frame  rates  which  are  unsuitable 
for  practical  use. 

Basic  results  and  technical  considera¬ 
tions  will  be  discussed.  • 

A  Programmable  Display  Synthesiz¬ 
ing  System  for  Man-Machine  Communi¬ 
cations  Research,  by  Jack  J.  Hatfield, 
NASA  Langley  Research  Center. 

ABSTRACT :  Much  of  the  experiment¬ 
al  development  required  in  the  area  of 
flight  control-display  interface  design  can 


be  accomplished  in  the  time-proven  re¬ 
search  simulator;  however,  present  dis¬ 
play  panel  implementaiton  methods  have 
inherent  deficiencies.  This  paper  reports 
on  the  investigation  and  development  of 
a  new  concept  for  research  simulator  dis¬ 
play,  the  puipose  of  which  is  to  provide 
for  a  more  effective,  less  costly,  and  less 
time-consuming  means  of  creating  dy¬ 
namic  instrument  replicas.  This  new  con¬ 
cept  employs  the  synthesis  of  desired  in¬ 
strumentation  at  the  control-display  in¬ 
terface  of  the  man-machine  loop  utilizing 
a  programmable  electronic  display  sys¬ 
tem. 

Examples  of  synthesized  flight  displays 
are  exhibited.  System  performance  is  dis¬ 
cussed  and  compared  with  that  of  con¬ 
ventional  computer-CRT  stylized  dis¬ 
plays.  The  advantages  of  electronic  ani¬ 
mation  with  regard  to  programabilitv, 
program  complexity,  regeneration  rates, 
and  image  characteristics  for  certain 
classes  of  displays  are  presented.  • 

High  Density  Tape  Recording  of  Re¬ 
duced-Bandwidth  TV  Signals  (Standby 
Paper),  by  Phillip  Balaban,  Polytechnic 
Institute  of  Brooklyn. 

ABSTRACT:  The  system  described 
here  was  developed  in  order  to  record 
the  pseudo-random  scan  television  signal 
developed  by  S.  Deutsch. 

The  objective  was  to  record  a  61.44 
KHz  video  signal  and  the  associated  sync 
signals  on  a  M  inch  tape  running  at  15 
inch/sec. 

The  difficulties  which  arise  in  such  a 
task  are  two-fold: 

a)  Bandwidth  limitations  of  the  re¬ 
corder; 

b)  Flutter  and  skew  of  the  recorder. 

Since  a  tape  recorder  at  this  speed  has 

a  bandwidth  of  around  40  KHz,  time  di¬ 
vision  multiplexing  was  used  to  reduce 
the  signal  into  two  30.72  KHz  signals. 

The  problem  is  to  reassemble  the  sig¬ 
nals  at  playback.  This  is  a  difficult  task 
since  these  signals  are  shifted  in  time 
randomly  by  flutter  and  skew.  Experi¬ 
ments  disclose  that  the  skew  is  linearly 
distributed  across  the  tape;  therefore,  by 
knowing  the  time  shift  at  two  tracks  at 
any  instant,  we  can  predict  the  position 
of  the  appropriate  sample  at  any  other 
track. 

For  skew  and  flutter  compensation 
puiposes  two  reference  signals  are  re¬ 
corded  on  the  two  outer  tracks  of  the 
tape. 

The  phaseshift  of  the  reference  signals 
at  playback  is  used  as  a  measure  for  the 
skew  prediction  system  for  each  track. 

Thus  the  video  signals  are  sampled  at 
the  correct  value.  In  order  to  reassemble 
the  samples  in  the  correct  time  sequence, 
they  are  stored  in  four  analogue  memory 
cells.  The  memory  cells  are  read  out  with 
the  aid  of  an  oscillator  which  is  in  turn 
synchronized  to  average  reference  sig¬ 
nal.  The  deflection  waveforms  are  also 
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At  Tinsley,  we  are  proud  to  be  counted 
among  the  illustrious  company  that  made 
these  tasks  possible. 

The  amazing  11,130  pictures  transmitted 
by  Surveyor-1,  weredependent  upon  a  Brush 
Beryllium  Substrate  mirror,  optically  fabri¬ 
cate!  by  Tinsley.  .  .  The  optically  precise 
photographic  windows  for  Gemini,  were 
also  produced  by  Tinsley.  Tinsley,  where 
engineering  and  electronic  capabilities  join 
over  thirty  years  of  precision  optical 
experience. 
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generated  synchronous  to  this  oscillator. 
Together  with  the  reference  signals,  the 
frame  sync  signals  and  the  audio  signal 
are  recorded. 

The  experimental  setup  uses  only  four 
tracks.  Since  eight  tracks  can  be  recorded 
on  a  Y*  inch  tape,  a  240  KHz  signal  can 
easily  be  recorded,  using  the  same  tech¬ 
niques  described  above.  This  frequency 
is  currently  considered  to  be  suitable  for 
good  visibility  phonevision.  • 

Session  VI 

A  Display  Specification,  by  W.  C. 
Vessel-  and  J.  A.  Pellegrino,  Aerospace 
Products  Research  Corp. 

ABSTRACT:  In  the  process  of  pro¬ 
curing  an  electroluminescent  (EL)  dis¬ 
play  panel  it  was  necessary  to  develop 
( 1 )  a  definition  of  the  display  require¬ 
ments  and  terminology  consistent  with 
the  manufactures  terms;  (2)  specify  the 
product  required  in  measurable  para¬ 
meters  and  (3)  establish  the  measure¬ 
ment  techniques,  instruments  and  pro¬ 
cedures.  • 

Some  Notea  on  Measuring  Performance 
of  Phosphors  Used  in  CRT  Displays,  by 
J.  E.  Bryden,  Raytheon  Co. 

ABSTRACT:  The  technique  used  for 
measuring  brightness  of  a  cathode  ray 
tube  display  has  considerable  bearing  on 
the  results  obtained.  Line  and  raster  type 
measurements  are  compared  and  it  is 
shown  that  there  are  advantages  to  be 
obtained  by  measuring  the  brightness  of 
an  isolated  line  with  a  spot  photometer. 
However,  this  instrument  can  only  be  re¬ 
lied  upon  if  certain  precautions  are  taken; 
these  are  discussed. 

Finally,  a  brief  investigation  of  flicker 
and  its  relationship  to  refresh  rate  for  a 
few  screen  materials  has  produced  some 
interesting  results.  In  particular,  it  is 
shown  that  persistence  is  not  a  good  cri¬ 
terion  for  the  critical  frequency.  • 

Human  Performance  Standards  in  Dis¬ 
play  Specifications,  by  Glenn  C.  Kinney, 
The  MITRE  Corp. 

ABSTRACT:  A  good  specification 
makes  the  procurement  of  display  equip¬ 
ment  both  simpler  and  cheaper.  To  be 
a  good  one,  a  specification  must  clearly 
describe  what  is  wanted,  and  this  is  the 
basis  of  interest  in  the  development  of 
standards.  Since  a  visual  display  is  a  de¬ 
vice  to  be  used  by  a  human  observer,  it 
follows  that  a  good  specification  must 
clearly  describe  a  device  suited  to  human 
use.  While  other  details  of  the  display 
equipment  may  also  be  described,  the 
main  emphasis  in  such  a  specification  is 
on  how  well  the  display  permits  the  hu¬ 
man  to  perform.  In  other  words,  it  seems 
sensible  to  develop  standards  of  human 
performance  for  use  in  specifications. 

All  of  these  combine  to  help  direct 
the  efforts  of  the  display  industry,  both 
builder  and  buyer,  toward  the  develop¬ 
ment  of  standards  of  display  excellence 
based  on  display  usefulness.  Present  ef¬ 


forts  on  standardization  must  be  directed 
toward  these  goals  or  the  result  may  be 
standards  for  equipment,  but  not  neces¬ 
sarily  for  displays  to  be  used  by  people.  • 

Eye  Movement  Technique  to  Measure 
Visual  Search  Behavior,  bv  Richard  J. 
Schiffler,  RADC  (EMEDI),  Griffiss  Air 
Force  Base. 

ABSTRACT:  One  of  the  missions  of 
the  Display  Techniques  Branch  at  Rome 
Air  Development  Center  is  to  identify 
variables  which  influence  visual  search 
behavior,  investigate  their  interactions 
and  specify  standards  which  should  be 
used  in  designing  and  evaluating  Large 
Scale  Display  Systems.  In  the  informa¬ 
tion  Techniques  Section  of  the  Display 
Techniques  Branch,  this  research  has 
been  two-pronged.  First,  “in-house”  and 
contractual  efforts  primarily  in  the  area 
of  psychophysical  studies  (color  specifi¬ 
cations,  coding,  TV  resolution)  and  sec¬ 
ondly,  display  criterion  development. 
This  latter  has  as  its  purpose  the  devel¬ 
opment  of  a  metric  to  evaluate  the  in¬ 
formation  transfer  potentiality  of  Large 
Scale  Display  designs. 

In  the  area  of  Visual  Search,  the  In¬ 
formation  Techniques  Section  has  recent¬ 
ly  turned  its  attention  to  the  develop¬ 
ment  of  an  eye  movement  device  which 
would  aid  in  evaluating  the  influences 
of  various  display  parameters  and  be  an 
additional  diagnostic  tool  in  the  criterion 
development  field.  This  paper  will  -pre¬ 
sent  the  approach  used  in  developing  this 
device  and  a  more  detailed  explanation 
of  possible  uses  of  the  apparatus.  • 

Tivo-Slit  Spot  Measurement,  by  John 
M.  Constantine,  CELCO. 

ABSTRACT:  Presents  in  great  tech¬ 
nical  detail  the  theory  and  practice  of 
CRT  spot  measurement  utilizing  proper 
slit  lens  combinations;  evaluates  varia¬ 
tions  which  accrue  with  variations  in 
measurement  techniques  and  equipment; 
discusses  precautions  which  must  be 
taken  in  using  the  resolution  data  speci¬ 
fied  in  CRT  specifications  for  evaluation 
of  applicability  with  a  particular  dis¬ 
play.  • 

Capacity  and  Optimum  Dimensions  of 
Displays  for  Group  Viewing  (Standby 
Paper),  by  Dr.  Helmut  Weiss,  Aeronu- 
tronics  Div.,  Philco  Corporation. 

ABSTRACT:  Concerned  with  the 
viewing  conditions  in  a  captive  audience, 
the  author  answers  the  questions:  How 
much  information  can  a  display  screen 
convey,  how  large  an  audience  can  it 
serve,  and  how  should  audience  and 
screen  be  arranged  for  best  efficiency? 

These  relationships  are  important  to 
the  systems  man,  who  should  be  aware 
of  the  limited  capacity  of  a  group  display 
(and  the  cost  of  pushing  its  utilization 
too  high),  to  the  architect  who  lays  out 
the  audience,  and  to  the  designer  who 
determines  the  parameters  of  the  equip¬ 
ment.  • 
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Would  you  believe  a 
CalComp  plotter  and  any 
computer  can  draw  pictures 
like  these  in  seconds? 


a  perspective  sketch  of  your  new  plant 


statistical  trend  charts 


molecular,  structure  diagrams  apparel  patterns,  graded  for  sizes  and  even  the  Mona  Lisa 


it  can 


Call  or  write  Dept.  Y10,  California  Computer  Products,  Inc.,  305  Muller,  Anaheim,  California  92803.  Phone  (714)  774-9141. 

Standard  of  the  Plotting  Industry 
(Talented  Engineers  and  Programmers  required— right  now.) 
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The  Fall  Joint  Computer  Conference 


Representative  Jack  Brooks,  ot  Texas, 
who  last  year  authored  the  Brooks  Bill 
dealing  with  the  acquisition  and  use  of 
computers  in  the  Federal  government, 
will  address  a  luncheon  of  the  1966  Fall 
Joint  Computer  Conference  Nov.  9,  in 
San  Francisco. 

Brooks  has  indicated  to  R.  George 
Glaser,  general  conference  chairman, 
that  he  will  discuss  the  significance  of 
automatic  data  processing  with  the  gov¬ 
ernment. 

The  FJCC,  slated  Nov.  8-10  at  the  San 
Francisco  Civic  Center,  will  present 
nearly  50  technical  sessions.  The  Jack 
Tar  Hotel  is  conference  headquarters. 

Exhibits  will  be  housed  in  247  booth 
spaces  occupying  the  major  part  of 
Brooks  Hall  in  the  Civic  Center.  Ac¬ 
cording  to  Raymond  D.  Smith,  SCM 
Corp.,  Oakland,  Exhibits  Committee 
Chairman,  more  than  100  exhibitors  will 
participate.  More  than  half  the  booth 
space  was  contracted  for  as  early  as 
May  1. 

Contractual  arrangements  for  exhibit 
space  are  being  handled  by  H.  G.  As- 
mus,  executive  secretary,  American  Fed¬ 
eration  of  Information  Processing  Socie¬ 
ties,  211  East  43rd  St.,  New  York  10017. 
AFIPS  is  the  principal  sponsor  of  FJCC. 

Exhibit  layout  is  shown  in  the  dia¬ 
gram  to  the  right.  Portraits  and  titles 
of  committee  officials  for  FJCC  are  pre¬ 
sented  below. 


John  F.  Mathews  II 
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John  B.  Spring 
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Dr.  Richard  Tanaka 
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Thomas  Borrelli 
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user’s  choice. ..with  the  BR-90 


COMBINED  ELECTRONIC  AND  PHOTOGRAPHIC  DIS¬ 
PLAYS  ...  REAR-PORTED  CRT...  STORED  PROGRAM 
LOGIC ..  .These  and  other  exclusive  features  combine 
to  make  the  BR-90  the  most  versatile  and  flexible  con¬ 
sole  available  today. 

Whether  your  computer  system  is  used  for  on-line 
man/ machine  communications,  off-line  data  manipu¬ 
lation,  or  both— you’ll  find  the  BR-90  compatible.  And 
it  can  be  added  to  your  existing  system  with  little  or  no 
change  in  your  input/output  programs  or  equipment. 

The  BR-90  lets  you  express  your  problem  in  your 
language ...  not  the  computer’s.  Simple,  changeable 
keyboard  overlays  allow  you  to  tailor  the  BR-90’s  dis¬ 
play  functions  to  suit  your  system’s  requirements, 
growth  demands,  and  changes. 

You  tell  us  what  your  requirements  and  applications 
are.  ..we’ll  show  you  how  the  BR-90  can  solve  your 
problems. 

For  further  information  contact  the  Bunker-Ramo  sales 
office  nearest  you  NOW. 
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Offices  are  located  in  Waltham,  Mass.;  Dayton,  Ohio.; 
Rome,  N.Y.;  and  Washington,  D.C.  Or  write:  H.  A.  Kirsch, 
The  Bunker-Ramo  Corporation,  Defense  Systems  Division, 
8433  Fallbrook  Ave.,Canoga  Park,  Calif.  91304.  Telephone: 
(213)  346-6000. 


THE  BUNKER-RAMO  CORPORATION 
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MINIATURE  PACKAGED  SCAN  CONVERTERS 

. . .  New  Products  for  Avionics  . . . 


SUBMINIATURE  SCAN  CONVERTER  MODULE 
INCORPORATING  RW-13  TUBE 


PACKAGED  MINIATURE  AND  SUBMINIATURE  SCAN  CONVERTER  TUBES 
FOR  MULTI-SENSOR  DATA  STORAGE  AND  PROCESSING 

The  Warnecke  RW-5EM  and  RW-13  are  specially  designed  to  meet  the  growing  demands  for  packaged 
miniature  and  subminiature  scan  converter  tubes.  In  their  complementary  package  of  shield,  coils  and 
leads,  the  tubes  meet  the  requirements  for  the  MIL-E-5400  military  airborne  environment. 

Small  size  has  been  achieved  without  sacrificing  resolution.  The  RW-5EM  resolves  1200  TV7  lines  and 
the  RW-13  resolves  840  TV  lines,  at  50%  relative  output  amplitude  for  orthogonal  writing  and  reading. 

The  storage  surface  is  of  the  EBIC  type,  and  information  can  be  stored  indefinitely  until  readout. 
Readout  time  can  be  custom  tailored  from  a  single  scan  to  several  thousand  depending  upon  the 
application. 

Th£  tubes  feature  a  capability  for  quick  erase  of  all  stored  information,  or  erasure  of  selected 
information. 

Magnetic  focus  guns  have  been  designed  to  eliminate  the  need  for  dynamic  focus. 

TYPICAL  PACKAGED  SIZE  AND  WEIGHT 
RW-5EM  13%"  long  x  3"  dia.  6  lbs. 

RW-13  10"  long  x  2"  dia.  23,^  lbs. 


WARNECKE 


ELECTRON  TUBES,  INC. 

175  WEST  OAKTON  STREET,  DES  PLAINES,  ILL.  60018 
PHONE  (312)  299-4436 
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M.  D.  Harsh 

M.  D.  Harsh  is 
M  a  n  a  ge  r,  Display 
Tube  Product  De- 
velopment,  RCA 
4  ,  —4  /  Electronic  Compo- 
/V  ^ ’/  nents  and  Devices. 

He  obtained  his 
BS/EE  from  Drexel  Institute  of  Tech¬ 
nology,  and  did  graduate  work  at  Frank¬ 
lin  and  Marshall  College.  Since  joining 
RCA  in  1950,  most  of  his  work  has  been 
on  design  and  applications  of  electrical- 
output  storage  tubes,  display  storage 
tubes,  and  special-purpose  cathode  ray 
tubes.  He  holds  three  patents  and  has 
written  several  technical  articles.  He  is 
active  on  the  JEDEC  subcommittee  pre¬ 
paring  storage  tube  test  methods. 

Russell  J.  Houldin 

Russell  J.  Houldin 
is  responsible  for 
IBM  2840/2250  dis- 
^  play  system  devel- 

■^1  »  opment  engineering. 

He  received  a  Bach- 
.  PHI  elor  of  Science  in 
EE  from  Brown  University  in  1954,  and 
is  an  active  member  of  the  IEEE.  He 
joined  IBM  in  1954  and  has  been  work¬ 
ing  on  graphics-oriented  projects  since 
1962.  Prior  to  his  current  assignment 


m  Authors _ 

he  was  an  engineer  in  tape  transmission 
development. 

Dr.  H.  R.  Luxenberg 

Dr.  H.  R.  Luxenberg,  a  charter  mem¬ 
ber  and  first  president  of  the  Society 
for  Information  Display,  presently  heads 
Lux  Associates,  Sepulveda,  California,  a 
consulting  firm.  Elis  work  has  appeared 
in  Information  Display  on  several  occa¬ 
sions.  A  complete  biography  may  be 
found  on  page  44  of  the  May/June  1965 
issue  of  ID,  Vol.  2  No.  3. 

Rudolph  L.  Kuehn 

Rudolph  L.  Kuehn,  who  is  chairman 
of  the  Society  for  Information  Display’s 
Awards  Committee,  has  recently  accept¬ 
ed  a  new  position  with  the  Night  Vision 
Warfare  Department,  Electro-Optical 
Systems  Inc.,  Pasadena,  Calif.;  he  was 
formerly  with  Giannini  Controls  Corp. 
His  biography  appeared  on  page  13, 
Jan./Feb.  1965  ID,  Vol.  2  No.  1. 


Howard  Burnaugh 


Eloward  Burnaugh 
is  a  member  of  the 
Language  Process¬ 
ing  and  Retrieval 
Staff  in  the  Tech¬ 
nology  Directorate 
at  System  Develop¬ 


ment  Corp.  He  received  a  BS  CheE  from 
the  University  of  Missouri  (1956)  and 
is  continuing  studies  in  mathematics  and 
systems  engineering  at  UCLA.  He  joined 
SDC  as  a  programmer  for  the  display 
area  of  the  SAGE  system.  Following 
this  assignment  he  has  developed  var¬ 
ious  interactive  gaming  systems  and  dis¬ 
play  manipulation  systems.  He  is  pres¬ 
ently  engaged  in  research,  with  Co¬ 
author  Borko,  on  information  retrieval. 


Dr.  Harold  Borko 

PDr.  Harold  Borko 
is  Associate  Head, 
Language  Retrieval 
Staff,  Technology 
Directorate,  System 
Development  Cor- 

-  —  poration  Research 

and  Technology  Division.  He  is  primar¬ 
ily  engaged  in  research,  automatic  in¬ 
dexing  and  classification,  and  the  de¬ 
velopment  of  automated  systems  for 
information  retrieval.  He  was  an  Army 
psychologist  until  1956,  then  joined  Rand 
Corporation  until  SDC  was  formed  in 
1957.  He  received  his  AB  from  UCLA 
(1948),  and  his  MA  (1949)  and  PhD 
(1952)  from  USC.  He  is  President-elect 
of  the  American  Documentation  Inst. 


AN  IMPORTANT  ANNOUNCEMENT  ABOUT  DISPLAYS  ...  A  REPRISE 


If  you  saw  our  advertisement  in  past  issues,  you  may  recall  that  we  have  described  CRT 
displays  for  specific  computers.  IDI  has  probably  sold  displays  for  more  different 
computers  than  any  other  manufacturer  .  .  .  including  displays  for  the  160A,  250,  360, 
425,  440,  490,  520,  1107,  1108,  7094,  DDP  24,  DDP  116,  DDP  224,  PDP  5, 
PDP  8,  and  Spectra  70. 

And  we  take  interface  responsibility. 

These  are  "building-block”  systems.  Various  CRT  packages,  function  generators,  and 
input  devices  can  be  economically  combined  to  meet  your  exact  requirements. 

If  you  are  concerned  with  computer-aided  design,  management  information,  simulation 
—  in  short,  with  information  displays  —  write  for  data  sheet  127-666.  (We  will  send 
a  few  others  also). 

At  the  Fall  Joint  Computer  Conference  be  sure  to  see  our  Computer  Control  Display  operating 
in  Booth  1019. 


Ilfll 
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AGARD-NATO  Eleventh  Symposium 
Features  Display  Technology 

Chairman 

Eleventh  Technical  Symposium 

AGARD-NATO 

Dr.  Irving  J.  Gabelman,  director  of  the  Advanced  Studies  Group  at  Rome 
Air  Development  Center,  Griffiss  AFB,  Rome,  New  York,  is  program  chairman 
of  the  Eleventh  Technical  Symposium  sponsored  by  the  Advisory  Group  for 
Aerospace  Research  and  Development  (AGARD-NATO). 

The  symposium  —  which  is  devoted  to  “Displays  for  Command  and 
Control  Centers”  —  is  being  held  at  the  Kunstlerhaus  in  Munich,  West  Ger¬ 
many,  November  7-10. 

This  symposium  will  familiarize  military  and  civilian  NATO  scientists  and 
engineers  with  the  present  “state-of-the-art”  in  the  field  of  data  displays  and 
show  potential  users  and  designers  how  these  displays  can  be  integrated  into 
command  and  control  systems. 

Technical  papers  presented  at  the  symposium  will  outline  the  advant¬ 
ages  to  be  gained  by  the  use  of  data  displays,  give  the  requirements  for  such 
display  systems  and  point  out  the  capabilities  and  limitations  of  the  next 
generation  of  display  systems. 

It  will  also  stimulate  an  increased  awareness  within  NATO  of  the  poten¬ 
tialities  of  display  systems  for  command  and  control  functions. 

In  addition  to  the  technical  sessions  at  the  symposium,  a  visit  to  Erde- 
funkstelle  Raising,  Deutsche  Bundespost  (Satellite  Tracking  Station  for  Tele¬ 
communications)  is  planned  for  Wednesday  afternoon,  November  9th. 

Attendance  at  this  unclassified  technical  symposium  is  by  invitation 
from  AGARD  national  delegates  or  panel  members.  It  is  normally  restricted 
to  qualified  persons  from  NATO  nations  whose  presence  will  be  a  contribu¬ 
tion  to  the  symposium. 

The  technical  program  at  the  symposium  consists  of  the  following 
sessions: 


Dr.  Irving  J.  Gabelman 


Monday,  November  7th 
2:00  -  5:00  p.m. 

Military  Requirements  and  Application 
Moderator:  Mr.  R.  Lees 
(United  Kingdom) 

Tuesday,  November  8th 
9:00  -  12:00  a.m. 

Human  Factors 

Moderator:  Dr.  G.  Ulbricht  (Germany) 

Tuesday,  November  8th 
2:00  -  5:00  p.m. 

Computer  Aided  Displays 
Moderator:  Mr.  S.  Alexander  (USA) 


Wednesday,  November  9th 
9:00  -  12:00  a.m. 

Techniques  1 

Moderator:  Mr.  D.  Coulmy  (France) 

Thursday,  November  10th 
9:00  -  12:00  a.m. 

Techniques  II 

Moderator:  Mr.  E.  Keonjian  (USA) 

Thursday,  November  10th 
2:00  -  5:00  p.m. 

Hardware  and  Components 
Moderator:  Mr.  D.  Bosman 
(Netherlands) 


COMPUTER  DISPLAYS 

State  of  the  Art  Computer  Controlled  Displays  — 
Computer  Grade  Quality  and  Reliability— Industrial  Price 


CRT  DISPLAY  UNITS  for  Graphic  and  Alpha-Numeric  Display 

CG  200  CHARACTER  GENERATOR 


For  alpha-numeric  display  use. 

Produces  character  display  waveforms 
from  BCD  input  codes. 

Draws  high  quality  characters,  using 
stroke  techniques  with  automatic 
corner-rounding. 

Uses  plug-in  character  codes  to  facili¬ 
tate  changes  in  symbols  or  input 
codes. 


Permits  computer  control  of  character 
intensity  and  size. 

Is  supplied  with  36  user-designated 
characters,  expandable  to  128  char¬ 
acters. 

Full  Alpha-Numeric  Character  Set. 

40  microsecond  average  character¬ 
drawing  time. 


KM  906  THREE-COLOR  DISPLAY  OSCILLOSCOPE 


Model 

No. 

CRT 

Size 

Usable 
Screen  Area 

Resolution 

Sensitivity 

Video 

Bandwidth 

Jump 
Scan  Time 

J 

KM  906 

19” 

10  x  10” 

15  line/cm 

±5  volts  for 
full  screen 

DC  to  10  Me. 

25  psec. 

KM  906 

KM  105 

COMPUTER  DISPLAY  OSCILLOSCOPE 

F 

Model 

No. 

CRT 

Size 

Usable 
Screen  Area 

Resolution 

Linearity 

Sensitivity 

Jump 
Scan  Time 

h 

KM  105 

21" 

10  x  10” 

25  line/cm 

1% 

±5  volts  for 
full  screen 

12  /tsec. 

r 


KM  105 


Rear-ported  CRT  Displays  \ 

Hybrid  Deflection  CRT  Displays  >  Available  on  special  request. 
Special  Size  CRT  Displays  * 


DISPLAY  SYSTEMS 


VG  201  VECTOR  GENERATOR 

For  graphic  CRT  displays. 

Draws  straight  line  vectors  of  any 
length. 

Uses  absolute  coordinate  input  data. 

Normally  mounts  in  the  DD-101  Inter¬ 
face  Unit. 

Full  screen  vectors. 

Automatic  intensity  compensation  for 
writing  beam  speed. 

100  microsecond  vector  time. 


Custom  system  design  using  standard 
assemblies. 

Complete  display  system  capability. 

•  May  be  assembled  rapidly  and  eco¬ 
nomically  from  standard  equipment. 

•  May  include  other  elements,  such  as 
local  memories,  console  keyboards, 
etc. 

•  Vary  widely  in  application  and  scope. 
An  interested  and  rapid  response 
awaits  your  inquiry. 


LP  303  LIGHT  PEN 
AND  AMPLIFIER 

For  operator  use  with  CRT-displayed 
data. 

Provides  computer  identification  of  spe¬ 
cific  symbols  or  character. 

Uses  flexible  fiber-optics  cable. 


DD 101  DISPLAY  CONTROLLER 

Computer  control  of  switching  between 
character,  vectors  and  points. 

Interfaces  available  with  most  com¬ 
puters. 

For  computer-display  linkage. 

Converts  binary  inputs  to  precision  ana¬ 
log  positioning  voltages  and  internal 
control  signals. 

Interacts  with  the  computer  on  a  re¬ 
quest- response  basis. 

Accepts  any  polarity  computer  input 
signals. 

Operates  directly  from  36-bit  or  48-bit 
input-output  data  channels. 

May  be  supplied  with  an  assembly  reg¬ 
ister  for  use  with  narrow  I/O  chan¬ 
nels. 


- ITT  Smstfiuments - 

INDUSTRIAL  PRODUCTS  DIVISION  •  15191  BLEDSOE  STREET  •  SAN  FERNANDO,  CALIFORNIA  91342  •  PHONE  EMpire  7-6161 
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A  versatile  film  reading  system  with  electronic  readout  and 


ACCURACY 


Precise  measurements  free  of  optical 
distortion  and  vibration. 


PROJECTION  LAMP 
IOOOW 


DICHROIC  MIRROR 


This  is  our  finest  system  for  semi-automatic  recordings  of 
X,  Y,  and  O  coordinates  of  projected  film  images.  A  unique 
measurement  system  provides  laboratory  tolerances  and  high 
speed  efficiency  for  repeatable  accuracy  of  less  than  10 
microns.  Model  R-660  features  electronic  readout  of  data 
into  punched  cards,  tape,  or  typewriter  records.  Interchange¬ 
able  film  transports  designed  for  16mm,  35mm  and  70mm  film 
sizes  make  this  a  most  versatile  system. 

We  invite  your  inquiries  on  this  and  other  Richardson 
designed  film  systems. 

Also  Available  —  New  catalog  of  precision  Film  Transports 
for  all  film  sizes. 


CONDENSER 


APERTURE 
FILM  PUNE 


CONDENSER 


REAR  PROJECTION  SCREEN 


MIRRORS 


PROJECTION  UMP  / 
30QW  / 

RETICAL  - ' 

BUM  SPUTTER  ^ 
PROJECTION  LENS 


P.O.BOX  9187  ■  PHOENIX,  ARIZONA  85020  ■  PHONE  602/944-2671 
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Lighted 

Pushbutton  Switches 


Flexible  Aperture  Display 

Electro  Tec  Corp.,  Ormond  Beach,  Fla.,  has  just  begun 
intensive  development  of  a  “Flexible  Aperture  Display 
(termed  FAD).  Several  engineering  models  have  been  con¬ 
structed  and,  according  to  George  K.  Pandapas,  the  firm’s 
president,  it  can  be  actuated  by  a  variety  of  means,  electro¬ 
mechanical,  mechanical,  pneumatic,  etc.  He  told  ID  the 
fiim  is  presently  evaluating  prospects  in  various  develop¬ 
ment  areas.  According  to  Stanley  Stephenson,  ETC  director 
of  research,  the  device  lends  itself  nicely  to  use  with  a  35- 
element  alphanumeric  display,  or  equally  well  to  a  7-bar 
over  14-bar  segmented  readout:  “As  such,  it  has  numerous 
potential  applications,  including  brokerage  boards,  airline 
terminal  displays,  as  a  sequential  counter,  or  in  non-se- 
quential  readouts.  It  utilizes  a  flexible  membrane,  to  which 
a  button-type  or  bar-type  plunger  projects.  It  can  utilize 
any  color  up  to  and  including  translucent,  for  backlighting.” 
One  advantage  cited:  The  higher  the  ambient  light,  the 
greater  the  contrast  and  visibility.  Plungers  can  be  translu¬ 
cent,  for  backlighting,  or  can  be  impregnated  with  a  buffer 
to  provide  a  glow.  Although  ETC  is  primarily  known  for 
slip  rings  and  relays,  the  firm  in  recent  years  has  engaged 
in  major  research  in  advanced  information  display  tech¬ 
niques.  Other  areas  of  ID  interest,  aside  from  FAD,  include 
a  two-axis  solid-state  scanner  (licensed  to  Monsanto),  and 
a  single-axis  solid-state  scanner  (in-house  R&D). 


ORCON 


A  display-oriented  advance  in  fluidics  technology  was 
registered  when  the  NASA  Electronics  Research  Center, 
Cambridge,  Mass.,  accepted  delivery  of  a  read-write  fluidic 
memory  which  holds  its  stored  data  through  any  number  of 
power  shutoff  cycles,  without  the  use  of  moving  mechanical 
parts.  Developed  by  the  Astromechanics  Research  Division 
of  Giannini  Controls  Corp.,  Duarte,  Calif.,  the  unit  incorpo¬ 
rates  an  alphanumeric  display  and  punched-card  reader. 
(Both  of  these  peripherals  are  also  pure  fluid  devices  de¬ 
veloped  by  Giannini.)  Basic  to  the  accomplishment  is  a 
fluidic  technique  described  by  the  company  as  proprietary. 
Designed  to  demonstrate  the  feasibility  of  a  non-volatile, 
non-destructive-readout  fluidic  data  storage,  the  memory 
has  a  three-bit  capacity.  Any  one  of  eight  letters  of  the 
alphabet  is  entered  by  inserting  a  conventional  punched 
card  into  the  reader.  The  three-bit  code  corresponding  to  the 
letter  is  thus  entered  into  the  memory  —  where  it  will  re¬ 
portedly  remain  indefinitely,  regardless  of  how  often  it  is 
read  out,  or  how  often  power  is  removed.  Only  reading  in 
a  new  letter  will  alter  the  contents  of  the  memory. 
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USECO  offers 

greatest  capacities,  smallest  sizes. 

USECO’S  ORCON  switches  combine  exclusive  multi¬ 
circuit  capacity,  isolated  contacts,  sliding-wiping  action, 
independent  light  circuit  and  connector  convenience  in 
*4"  and  11/16"  diameter  sizes.  Standard  and  custom 
available.  Plus  indicator  lights,  ganged  assemblies, 
multi-light  units,  adapters  and  accessories.  For  brochure, 
contact  USECO,  13536  Saticoy  Street,  Van  Nuys,  Calif. 
91409.  (213)  873-3520. 


Division  of  Litton  Industries 
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You  can’t  beat 
the  Tung-Sol 
Digital  Readout 
for  brilliance 


Average  brilliance  of  1000  foot-lamberts  of  clear, 
white  light  at  only  4  volts  makes  the  Tung-Sol  DT151 1 
the  brightest  display  available.  The  high  contrast  be¬ 
tween  illuminated  characters  and  the  flat,  dull  viewing 
panel  provides  utmost  visibility  under  every  condition 
of  ambient  light.  Excellent  standards  of  performance 
can  be  achieved  with  as  little  as  2.5  volts. 

Visors,  hoods,  or  other  light  shades  are  unneces¬ 
sary.  The  seven-segment  characters  are  surface-flush 
and  require  no  supplementary  optics.  There  is  never 
any  “crosstalk”  and  no  stray  reflections. 

For  all  the  facts,  including  physical  and  electrical 
specifications,  write  for  Bulletin  T-431.  Tung-Sol 
Electric  Inc.,  Newark,  N.J.  07104. 


Optical  design  of  the  characters 
and  high  surface  illumination 
permit  extreme-angle  viewing. 
(Photo  at  150°  angle) 

All  viewing  surfaces  in  the 
illustrations  are  unretouched. 


TUNG-SOL 

HI-OPTICS 
DIGITAL  DISPLAYS 

The  most  thoroughly  engineered 
readout  on  the  market. 
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Whenever  power  is  on,  the  binary  number  stored  in  the 
memory  is  available  as  a  trio  of  air-signals.  The  air-pressure 
signals  are  said  to  he  compatible  with  Giannini  Controls’ 
own  fluid  logic  devices  and  with  most  other  digital  fluidic 
elements  —  such  as  the  Harry  Diamond  Laboratory  designs. 
The  fluidic  display  uses  reflected  light  behind  a  rectangular 
matrix  of  small  round  dot-like  apertures.  By  means  of  the 
same  fluidic  technique,  the  input  signals  “unblank”  the 
appropriate  dots  so  that  they  pass  light  to  the  viewer,  form¬ 
ing  the  required  alphanumeric  character.  This  approach 
allegedly  lends  itself  to  displays  of  any  desired  size,  bright¬ 
ness,  or  complexity.  In  the  next  phase  of  its  research  pro¬ 
gram,  Giannini  will  work  on  analog  fluidic  computing 
elements,  particularly  an  infinite-input-impedance  amplifier. 
The  company  contends  all  existing  analog  fluidic  amplifiers 
act  as  heavy  loads  on  their  signal  sources,  leading  to  distor¬ 
tion  of  the  source  signals,  severe  limitations  on  “fan-out” 
(the  number  of  amplifiers  which  can  operate  from  one 
signal  source),  and  large  steady-state  and  dynamic  errors. 

Giannini  expects  to  deliver  an  amplifier  to  NASA  this 
year  which  will  respond  to  and  amplify  input  signals  in 
the  form  of  pneumatic  pressure  (steady-state  or  dynamic), 
but  which  will  require  no  steady-state  mass  flow  whatever 
from  the  signal  source.  However  the  amplifier  presumably 
will  be  capable  of  supplying  output  power  (in  the  form  of 
mass  flow)  or  a  zero-flow  pressure  signal. 


"Blackboard-by-Wire”  Teaching  System 


General  Telephone  and  Electronics  Corp.  has  announced 
development  of  an  electronic  teaching  system  that  transmits 
voice  communications  and  handwriting  over  telephone  lines 
for  long  distance  illustrated  lectures.  A  spokesman  said  the 
new  integrated  system  provides  high-quality  visual  display 
handwriting,  diagrams,  formulas,  equations,  and  other  gra¬ 
phics  on  a  TV  monitor  within  a  classroom,  thereby  supply¬ 
ing  an  important,  convenient,  economical  educational  sup- 
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plement.  In  addition  to  the  TV  monitor  and  loudspeaker  at 
each  classroom  reception  point,  the  system  includes  an 
equipment  unit  and  a  question-indicator  panel  and  micro¬ 
phone  which  allow  students  to  ask  questions  and  discuss 
ideas  with  the  instructor.  A  light-indicator  panel  on  the 
instructor’s  desk-type  transmitting  console  signals  him  when 
a  student  wishes  to  interject  a  question  or  comment.  Provi¬ 
sion  is  made  for  use  of  light  pen  by  the  instructor. 

Securities  Quotation  Displays 

Two  new  brokerage  quotation  facilities  have  been  de¬ 
scribed  in  detail  by  the  manufacturers  in  the  increasing 
trend  toward  full  automation  of  quotations  and  their  display  . 

The  first,  by  Ultronic  Systems  Corp.,  New  York  City,  is  a 
visual  display  system  for  real-time  reporting  of  trading  on 
the  stock  exchanges.  Operating  electro-mechanically,  the 
system  presents  characters  reporting  each  transaction  on  an 
endless  belt  moving  from  right  to  left.  Thousands  of  small 
discs  on  the  belt,  each  having  a  white  and  dark  face,  are 
positioned  by  compressed  air  to  form  letters  and  numerals. 

The  second  is  the  development  of  a  smaller  version  of  the 
electronically  controlled  45-ft.  securities  quotation  display 
at  the  New  York  Stock  Exchange  by  Recognition  Equip¬ 
ment  Inc.,  Dallas,  Tex.,  for  Trans-Lux  Corp.  for  utilization 
in  brokerage  firms.  Thousands  of  small  discs  are  mounted  on 
an  endless  belt  which  moves  right  to  left  across  the  display. 
Bright  green  2-in.  characters,  formed  as  jets  of  air  flip  the 
discs,  will  move  across  a  black  background  at  speeds  up  to 
900  characters  a  minute.  The  units  are  capable  of  displaying 
a  variety  of  information  such  as  weather  data,  management 
information,  and  status  reports. 

LDX-EDP  Advances  Railway  Operations 

A  Xerox  LDX  fascimile  system  and  electronic  data  proc¬ 
essing  has  been  installed  in  the  Southern  Railway  System 
(headquarters  are  in  Atlanta,  Ga.)  to  increase  car  distribu¬ 
tion  efficiency  and  report  car  locations  accurately.  As  a 
freight  train  enters  the  Southern  system,  a  way-bill  which 
identifies  the  car  and  its  cargo  is  inserted  into  the  LDX 
scanner.  A  fascimile  is  instantaneously  made  at  the  Atlanta 
Center  by  an  LDX  printer.  When  all  of  one  train’s  waybills 
are  in,  the  data  are  transcribed  to  punched  paper  tapes. 
The  computer  can  report,  on  immediate  demand,  the  exact 
location  of  each  train,  car  and  cargo  in  the  system.  It  can 
also  give  an  instant  breakdown  of  car  distribution,  car 
utilization,  commodities  being  transported,  and  total  billing. 

TV  Camera./Cytoscope  Aids  Med  Students 

A  TV  camera  connected  to  a  cytoscope  and  utilizing  a 
special  fiberoptic  illuminating  system  may  soon  enable  an 
entire  class  of  medical  students  to  look  together  inside  a 
functioning  organ.  Research  to  develop  the  device  was 
announced  by  Dr.  John  K.  Lattimer,  chairman  of  the  Dept, 
of  Urology  at  Columbia  University  College  of  Physicians  and 
Surgeons,  New  York  City.  A  grant  of  $128,000,  from  the 
Commonwealth  Fund,  supports  the  research.  The  device 
would  be  made  possible  by  the  binding  together  of  approx. 
200,000  fiberoptic  rods.  A  light  source  at  one  end  would 
throw  a  cold  light  of  great  intensity  through  the  rods  into 
the  patient’s  bladder.  A  TV  camera  attached  to  the  cytoscope 
would  transmit  the  picture  to  television  screens  so  that 
students  could  follow  the  surgeon’s  procedures.  Color  photo¬ 
graphs  and  motion  pictures  have  already  been  made  with 
this  system  as  an  aid  in  teaching. 


*MAGNALOY  ...  a  Nickel-Iron  alloy 

of  extra-high  permeability,  designed  to  give  the  ultimate 
in  shielding  attenuation — Hydrogen  annealed  for  maxi¬ 
mum  permeability— guaranteed  by  our  Seal  of  Certi¬ 
fication. 


ALSO  AVAILABLE  ...  our  “MAGNALOY”  Foil 
...  an  .004  light  gauge  mu-metal  material  for  special 
shielding  applications. 


AS  SPECIALISTS  IN  THE  FIELD 

of  Magnetic  Shielding  Components  .  .  . 

We  are  qualified— technically  and  thru  extensive  ex¬ 
perience— to  serve  you  from  an  engineering  and  con¬ 
sultive  basis,  and  to  assist  you  in  the  design  of  com¬ 
ponents  to  meet  your  specific  Magnetic  Shielding  re¬ 
quirements  at  highly  competitive  prices. 


ON  YOUR  STAFF  BUT  NOT  ON  YOUR  PAYROLL 

•  Quotations  submitted  on  request,  per  your  Blue  Print,  for 
Engineering  Samples— Prototypes— Production  Runs 

•  Engineering  design  assistance  and  consultation 

•  Precision  fabrication  to  your  exact  engineering  speci¬ 
fications 

•  Hydrogen  annealing  with  “Certification”  on  all  fabri¬ 
cation 

•  Production  delivery  geared  to  your  scheduled  require¬ 
ments. 


Computer  in  Digital  Mapping  System 
A  system  for  automatically  drawing  maps  from  aerial 
photos  for  the  Army  is  being  developed  by  the  Itek  Corp., 
Lexington,  Mass.,  under  a  contract  from  the  Army’s  Geodesy, 
Intelligence  and  Mapping  Research  and  Development  Agency 
(GIMRADA).  A  Model  3100  computer,  by  Control  Data 
Corp.,  Minneapolis,  Minn.,  will  be  utilized  by  Itek  to  control 
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Radiation  ^Laboratories,  Inc. 
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Here's  what  Video  Color  offers: 

TECHNICAL  ABILITY 

For  any  special  purpose  Cathode  Ray  Tubes 

THIN  TUBES 

Monochrome  and  Two  Color  Flat  Tubes 

ULTRAHIGH  RESOLUTION 

(Less  than  .0005"  spot  size) 

FIBER  OPTIC  FACES 
HIGH  CONTRAST 

Special  Ultrathin  glass  substrates  to  elimin¬ 
ate  halation 

Projection  Tubes— Ultra  High  Light  Output 

SPECIAL  SCREENS 

Any  Phosphor 

High  uniformity.  Ultra  Smooth  Texture 
Low  Screen  Noise 
High  Light  Output 

SPECIAL  ELECTRON  OPTICS 

High  Deflection  Sensitivity 
High  Beam  Currents 
Multiguns 
High  Voltages 

SPECIAL  GEOMETRICS 

Back  Ported  Tubes 
Special  Deflection  Angels 

SPECIAL  GLASS  STRUCTURES 

Internal  Targets 

FULL  LINE  OF  STANDARD  TYPES  CRT's  FOR  - 

Character  Generators  (Monoscopes,  etc.) 
Readouts,  Printers,  Oscilloscopes,  Radar, 
Monitors,  Video  Recorders,  View  Finders, 
Flying  Spot  Scanners,  Back  Ported  Devices, 
Computers,  etc. 

Video  Color  Corporation 

500  S.  Douglas  St.,  El  Segundo,  California 
Phone:  213  -  772-5251  90245 
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operation  of  electromechanical  scanning  and  printing  units 
(used  to  scan  high-resolution  stereo  photographs),  and  to 
produce  the  finished  maps  and  corrected  photographs.  Along 
with  correcting  various  types  of  distortion,  the  computer 
will  process  photo  information  to  detect  slight  differences 
in  stereo  photos  that  indicate  ground  relief  or  elevation. 

Tactical  Video  Mapping 

A  system  for  rapid,  accurate  recording  and  display  of 
vital  airspace  control  information  in  a  tactical  situation  has 
been  developed  by  the  Surface  Div.,  Westinghouse  Defense 
and  Space  Center,  Baltimore,  Md.  Called  TAC-MAP  (TAC- 
tical  video  MAPping),  the  system  is  compatible  with 
tactical  radar  Plan  Position  Indicators  (PPI’s).  Developed 
for  tactical  air  control  system  elements  operating  in  the 
field,  the  system  can  also  be  utilized  without  modification 
for  other  types  of  radar  control  centers  such  as  ship  and 
shore  naval,  and  military  and  space  command.  TAC-MAP 
utilizes  a  slow-scan  vidicon  camera  synchronized  to  a  radar 
trigger  pulse,  and  produces  a  video  map  or  other  informa¬ 
tion  for  display  on  associated  PPI’s.  Maps  are  produced  by 
hand-tracing  of  geographic  features,  coordinates,  and  other 
information  from  operational  maps  onto  a  translucent  or 
transparent  overlay.  The  overlay  is  immediately  scanned  by 
the  camera,  producing  an  accurately-scaled  image  on  con¬ 
nected  PPI’s.  Expansion  and  off-centering  of  the  PPI  images 
can  be  selected  as  desired.  Original  position  accuracy,  as 
traced  directly  from  an  operational  map,  is  maintained. 
Mapping  information  in  a  tactical  situation  which  may  be 
plotted  includes  permanent  information,  such  as  principal 
geographic  features,  natural  boundaries,  fixed  navigational 
aids  and  airfields;  and,  dynamic  information,  such  as 
plotted  coordinates  of  a  specific  target,  location  of  a  for¬ 
ward  air  controller,  drop  zone,  temporary  or  mobile  naviga¬ 
tional  aid,  turning  or  initial  point,  the  outline  of  free  strike 
areas,  gun-defended  positions  or  flak  corridors. 

Man-to-Man  Graphic  Communications 

Introduction  of  a  new,  compact,  facsimile  communication 
system  —  the  Alden  4  Dispatch  —  is  scheduled  for  the  fall 
of  1966  according  to  the  manufacturer,  Alden  Electronic  & 
Impulse  Recording  Equipment  Co.,  Westboro,  Mass.  It  is 
of  modular  construction  and  modern  design,  will  be  housed 
in  a  compact,  roll-around  console  unit  that  can  be  quickly 
moved  to  various  operating  positions  for  ease  of  use.  The 
console  will  provide  facsimile  transmission  and  automatic, 
unattended  reception  of  graphic  information  for  both  in- 
house  and  long-distance  communications  using  ordinary 
telephone  lines.  It  can  include  push-button  internal  voice 
facsimile  switching,  Data-Phone  subset,  voice  communica¬ 
tions,  and  dictating  equipment.  The  Data-Phone  subset  can 
provide  automatic  switch-over  so  that  the  recorder  will 
operate  as  an  unattended  slave  to  the  scanner  signal.  The 
Alden  4  presents  a  change  of  emphasis  for  Alden  Electronic 
which,  in  the  past,  has  produced  systems  for  broader  com¬ 
mercial  uses.  It  is  described  as  a  “person-to-person”  system, 
and  is  for  office  use.  Handwritten  or  typewritten  memos, 
newspaper  clippings,  and  patent  abstracts  are  a  few  exam¬ 
ples  of  the  graphics  it  will  transmit  and  receive  over  national 
telephone  circuits  with  high  fidelity,  according  to  Alden. 

India  Establishes  $7  Million  Computer  Net 

The  government  of  India  has  announced  plans  to  establish 
a  nationwide  computer  network  beginning  later  this  year. 
An  agreement  signed  in  Washington  by  Indian  Ambassador 
B.  K.  Nehru  and  James  H.  Binger,  chairman  of  Honeywell 
Inc.,  covers  ten  computers,  valued  in  excess  of  $7  million, 
that  will  form  the  first  stage  of  the  new  government  informa¬ 
tion  system.  Honeywell  will  provide  the  computers.  “The 
system  will  tangibly  improve  India’s  economic  and  adminis¬ 
trative  posture,”  said  K.  S.  Sundararajan,  minister  of  eco- 
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nomics  at  the  Indian  embassy  in  Washington.  He  described 
it  as  one  of  the  first  attempts  by  an  Asian  government  “to 
organize,  correlate  and  make  use  of  vital  data  by  automated 
means.” 

Initially  the  computers  will  be  used  for  water  and  power 
network  analyses,  income  tax  processing,  labor  statistics, 
licensing  and  import-export  control.  Four  units  will  be  in¬ 
stalled  later  this  year  in  the  New  Delhi  offices  of  the  Central 
Water  and  Power  Commission,  Central  Board  of  Revenue, 
Ministry  of  Labor,  and  at  the  office  of  the  Directorate  Gen¬ 
eral  of  Technical  Development  (DGTD),  Ministry  of 
Finance.  Additional  systems  will  go  into  operation  in  1967 
in  New  Delhi,  Bombay,  Calcutta  and  Madras,  to  support 
the  government’s  expanding  computational  needs,  and  to 
provide  computing  services  for  other  government  depart¬ 
ments  not  initially  included  in  the  information  network. 

Installation  of  the  computers  “constitutes  the  first  phase 
of  a  long-term  program  to  bring  India’s  government  modern 
tools  to  match  its  modern  administrative  goals,”  Mr.  Binger 
stated.  He  said  additional  equipment  will  be  added  as  the 
program  expands.  The  first  ten  computers  are  being  sup¬ 
plied  by  Honeywell  under  a  special  arrangement  with  the 
Indian  government.  The  computers  are  medium-size  Honey¬ 
well  400  systems  of  a  type  used  by  numerous  organizations 
in  this  country  and  abroad.  C.  W.  Spangle,  vice  president 
and  general  manager  of  the  firm’s  electronic  data  processing 
division,  said  the  agreement  “provides  us  with  an  oppor¬ 
tunity  to  enter  a  potentially  significant  market  for  our  prod¬ 
ucts,  at  the  same  time  it  provides  India  with  the  means  to 
develop  its  own  ambitious  programs  at  a  favorable  cost.” 
Honeywell  will  provide  supplies,  spare  parts  and  technical 
training  in  addition  to  the  computer  equipment,  and  will 
establish  a  support  organization  in  India  in  the  next  several 
months  “to  assist  in  implementation  of  the  program  and  to 
evaluate  future  potential  markets  for  our  EDP  equipment 
in  that  area  of  the  world.” 


Air  Force  Shops  for  100  to  160  Computers 

Letters  of  interest  from  vendors  of  commercially  available 
electronic  data  processing  (EDP)  computer  systems  are 
being  sought  by  Electronic  Systems  Division  of  Air  Force 
Systems  Command.  Between  100  and  160  new  EDP  systems 
will  be  acquired  to  replace  and  update  EDP  equipment  in 
the  Base  Level  Data  automation  Standardization  Program 
throughout  the  Air  Force  in  the  civil  engineering  and  ac¬ 
counting  and  finance  areas.  The  exact  number  of  new 
systems  will  depend  on  the  size  and  cost  of  configurations. 
Up  to  four  configurations  of  a  basic  computer  system  may 
be  proposed.  They  will  contain  high-speed  central  processing, 
immediate  access  storage,  magnetic  tape  and  punched  card 
input/output  devices.  Address  inquiries  to  Electronic  Sys¬ 
tems  Div.,  Hanscom  Field,  Mass.  (617)  274-6100,  Ext.  5322. 


Photographic  Recorder  Utilizes  Laser  Beams 

Autonetics  Div.  of  North  American  Aviation  has  an¬ 
nounced  development  of  a  new  photographic  recorder  which 
utilizes  a  laser  beam  to  generate  images.  Recently  delivered 
to  the  Air  Force  for  additional  evaluation,  the  laser  light 
recorder  could  be  utilized  for  high-quality,  high-speed  pic¬ 
ture  transmission  similar  to  present-day  facsimile  transmis¬ 
sion  of  news  photos  or  pictorial  information  from  radar  or 
TV  recon  sources.  A  helium-neon  laser,  focused  to  a  spot 
0.0004  in.  diam.,  is  employed  to  sensitize  a  fine-grained, 
high-resolution  photographic  film.  The  closely-spaced  lines 
form  an  image  much  the  same  as  that  on  a  TV  CRT.  Only 
one  ten-thousandth  of  a  watt  of  light  power  is  needed 
for  operation.  According  to  Autonetics’  Dr.  I.  H.  Swift, 
Director,  Electro-Optical  Laboratory,  Torrance,  Calif.,  the 
device  is  capable  of  recording  all  the  image  detail  of  a 
normal  TV  picture  on  0.1  sq.  in.  of  photographic  film. 

IMPODMATIAM  rurm  a  v/  - - 


INTRODUCING: 

THE  LARGE  SCREEN, 
HIGH  RESOLUTION  L-4192 


FOR  LOW  NOISE 
FLYING  SPOT  SCANNING 


The  L-4192  has  been  designed  for  high  resolution  flying  spot 
scanning  applications  where  it  is  desired  to  reduce  phosphor 
loading  and  effective  phosphor  noise  while  retaining  high 
light  output.  The  tube  employs  a  9".  40°  envelope,  26"  long 
and  is  electromagnetically  focused  and  deflected.  Spot  size 
is  33  microns.  The  faceplate  is  flat  with  a  useful  phosphor 
screen  diameter  of  8%".  The  highest  known  phosphor  screen 
quality  in  the  industry  is  produced  by  a  special  Litton  phos¬ 
phor  deposition  technique.  The  more  widely  used  phosphors 
are  available,  such  as  P16,  P24  and  Pll,  among  others. 

Use  of  this  large  diameter  CRT  in  scanning  or  recording 
systems  permits  greater  optical  reduction,  thus  decreasing 
phosphor  loading  for  a  given  resolution  at  the  film  plane. 
This  allows  realization  of  higher  light  output  with  a  resultant 
improvement  in  scanning  system  signal-to-noise  ratio. 

Tube  mounts  and  electronic  equipment  are  available  for 
this  tube  as  well  as  for  other  CRT’s. 

For  information  on  this  equipment  and  the  complete  line 
of  display  devices,  write  San  Carlos,  California  or  call  (415) 
Lytell  1-8411. 


m  LITTON  INDUSTRIES 

ELECTRON  TUBE  DIVISION 

San  Carlos,  Calif  or  ni  a  /  C  a  n  a  d  a:  25  Cityview  Drive, 
Rexdale,  Ontario  /  Europe:  Box  110,  Zurich  50,  Switzerland 


TWO-SLIT  SPOT  ANALYZER 

FOR  DETERMINATION  OF  CRT  SPOT  CHARACTERISTICS 


With  the  CELCO  Two-Slit  CRT  Spot  Analyzer 
a  scientifically  designed  and  fully  calibrated  instrument - 

high  standards  of  resolution  may  now  be  specified. 


HALF  AMPLITUDE  SPOT  DIAMETER 


5  mV/cm 
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PHOSPHOR  RISE  and  DECAY  TIME 


10  ,usec/cm 


CONTRAST  RATIO  BAR  CHART 
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175  250  350  500  1000 

Elements/in  P16  Phosphor  700  1400 


PI  1  PHOSPHOR  or  FACE  NOISE 


2  mV/cm 


DOUBLE  LINE  METHOD 


(2  line  raster  parallel  to  single  slit) 

3  sweep  signals  needed,  raster  must 
be  moved  vertically.  Measurement  of 
line  spacing  must  be  made  on  CRT  face 


TWO-SLIT  METHOD 
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(Single  line  raster  parallel  to  slit  pair) 
Only  2  sweepsignals  required. 

Distance  calibration  is  locked  into 
analyzer.  No  measurement  on  CRT  face 
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on  the  move 


Richard  A.  Roderick  has  been  named 
southwestern  regional  numerical  control 
mgr.  for  Bunker-Ramo  Corp.,  Cleveland, 
O.,  and  will  continue  to  have  offices 
in  Braniff  Tower,  Dallas,  Texas. 

Dr.  Milton  E.  Mohr,  pres,  of  The 
Bunker-Ramo  Corp.(  will  serve  as  pres, 
and  chmn.  of  the  board  of  the  firm’s 
newly-created  subsidiary,  B-R  Data  Sys¬ 
tems  Inc.  which  will  be  based  at  the 
parent  firm’s  Silver  Spring,  Mr.,  facility. 
Other  officers  are:  O.  R.  Lodge,  VP  and 
gen’l  mgr;  Willard  D.  Murphy,  VP/ 
Finance;  and  Samuel  B.  Sterrett,  sect’y. 

James  P.  Whitfield  has  been  named 
mgr.,  mktg.  admin.,  a  new  post  at  Data 
Products  Div.  of  Stromberg-Carlson 
Corp. 

Amperex  Electronic  Corp.,  Hicksville, 
L.I.,  N.Y.,  has  promoted  Hank  Steenbeke 
to  Western  regional  sales  mgr.  and 
Arthur  F.  Kelly  Jr.  to  ass’t  renewal 
sales  mgr. 

John  L.  Moser  has  been  appointed  dir. 
of  systems  engrg.  and  Harvey  Cohen  has 
been  named  mgr.  of  advanced  programs 
for  Scientific  Data  Systems,  Los  Angeles. 

Switchcraft  Inc.,  Chicago,  has  an¬ 
nounced  the  promotions  of  Clyde  J. 
Schultz  to  the  newly-created  position  of 
industrial  sales  mgr.,  and  Anthony  F. 
(Hank)  Anderson  to  the  post  of  distribu¬ 
tor  sales  mgr.,  succeeding  Tom  Dowell. 
Dowell  will  head  his  own  electronic 
manufacturers  rep  organization  handling 


both  distributor  and  OEM  accounts  in 
Kansas,  Missouri,  Iowa  and  Nebraska, 
with  the  main  office  being  located  in 
the  Greater  Kansas  City  area. 

Donald  E.  Young  has  been  elected  VP/ 
Corporate  Communications  by  the  Board 
of  Directors  of  Burroughs  Corp.,  De¬ 
troit,  Mich.  In  his  new  post,  Young  will 
have  the  responsibility  of  developing 
and  directing  the  firm’s  internal  and 
external  communications  with  employees 
and  the  public. 

Walter  Hanstein  Jr.,  formerly  with 
Burroughs  Corp.,  has  joined  Automation 
Engineering  Laboratory  Inc.,  Stamford, 
Conn.,  as  VP.  Hanstein  will  be  in  charge 
of  technical  implementation  for  AEL 
Development  and  Research  Inc.  and 
AEL  Food  Automation  Inc. 

George  J.  Vosatka  has  been  elected 
to  the  post  of  VP/Mktg.  and  E.  E.  Lande- 
feld  has  been  appointed  dir.  of  ad¬ 
ministration  for  Informatics  Inc.,  Sher¬ 
man  Oaks,  Calif.,  it  was  announced  by 
W'alter  F.  Bauer,  pres. 

Robert  F.  Anderson  has  been  pro¬ 
moted  to  the  newly-created  post  of  dir. 
of  industry  mktg.,  and  Jerome  Tagg  has 
been  named  to  the  new  post  of  mgr.  of 
information  technology,  mktg.  education 
dept.,  of  Honeywell  Inc.’s  electronic  data 
processing  division. 

John  V.  Sigford  has  been  named 
operations  mgr.  for  Setchell  Carlson, 
Minneapolis,  Minn.,  newly-acquired  sub¬ 


sidiary  of  Marquette  Corp. 

Richard  H.  Baker  has  joined  Manage¬ 
ment  and  Economics  Research  Inc.,  Palo 
Alto,  Calif.,  as  director  of  electronic 
industry  research.  Baker  was  fonnerly 
with  Stanford  Research  Institute,  and 
Digital  Control  Systems,  San  Diego,  Calif. 

TRW  Systems,  Redondo  Beach,  Calif., 
has  appointed  Edwin  A.  Goldberg  to  the 
position  of  manager  for  its  newly-formed 
Guidance  System  Development  Depart¬ 
ment,  Guidance  and  Navigation  Labora¬ 
tory,  Electronic  Systems  Division.  The 
department  Goldberg  heads  is  responsible 
for  the  design  and  development  of  guid¬ 
ance  and  navigation  systems  including 
gyrocompasses,  inertial  attitude  refer¬ 
ences,  and  strapdown  guidance  systems. 


CORRECTION 

Because  of  a  typographical  error  in 
which  a  type  line  was  transposed,  an 
item  appearing  in  this  column  in  the 
July/August  issue  of  Information  Dis¬ 
play,  announcing  appointment  of  William 
J.  Burros  as  Controller  for  Dialight  Corp., 
indicated  that  the  firm  is  located  in  Sil¬ 
ver  Spring,  Md.,  which  is  not  the  case. 
Dialight  is  located  at  60  Stewart  Avenue, 
Brooklyn,  N.Y.  11237.  Information  Dis¬ 
play  regrets  the  error. 


fasss t ! 


±  40  VOLT  ALL  SILICON 

DEFLECTION  DRIVERS 

12  Amp  Change  in 
Less  than  9  //sec 
With  25  // H  Yoke 


0.02%  Linearity 


RDA-PP6N-1  R 


•  Direct  Conversion  E  in  to  I  out 

•  dc  to  Pulses  and  Complex  Waveforms 

•  Compatible  with  Single-ended  Yokes 

•  No  Synthesizing  Networks  Required 

•  Needs  only  1 1 5  Vac 

•  Minimum  Crosstalk 

YOKES  Circle  Reader  Service  Card  No.  44 


Comlanlln*  Cnylnceriny  o Caioralorles  Company 


Mahwah,  N.  J. 


Upland,  Cal. 


RASTER  GENERATOR 

DUAL  SWEEPS 


•  All  Solid  State 

•  Linearity  Better  than  .5% 

•  10%  to  90%  Duty  Cycle 

•  Sweeps  from  20  /zsec  to  1 00  msec 

•  External  Trigger  or  Sync 


YOKES 


Circle  Reader  Service  Card  No.  45 


C. ’onstanlin t  (Cnyincennf  odatoralorles  Company 
Mahwah,  N.  J.  Upland,  Cal. 


INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 


The  Computer  Display  Review.  A  subscrip¬ 
tion  service  of  Adams  Assocaites,  Cam¬ 
bridge,  Mass. 

The  Computer  Display  Review  is  in¬ 
tended  as  an  information  source  for 
those  individuals  associated  with  com¬ 
puter-driven  graphic  displays  of  any  type. 
The  loose-leaf  volume  making  up  The 
Review,  is  not  a  book  in  the  normal 
sense  of  the  word  and  hence  is  difficult 
to  review  against  the  usual  criterion.  It 
is,  rather,  a  compendium  of  results  of  an 
extensive  study  conducted  by  Adams  As¬ 
sociates,  and  could  be  looked  upon  as  a 
sort  of  De  Luxe  Display  Survey  for  those 
primarily  interested  in  computer  graph¬ 
ics. 

The  organization  of  The  Review  is  ex¬ 
cellent  and  comprehensively  traces  the 
development  of  the  computer-driven  dis¬ 
play  art  to  the  present  day.  The  tutorial 
treatment  of  Software  Techniques  is  es¬ 
pecially  complete  and  I  believe  this  is 
the  fii;st  time  such  a  total  discussion  has 
been  generally  available. 

The  sections  dealing  with  description 
and  evaluation  of  equipments  form  a 
particularly  useful  listing  of  hardware 
largely  because  of  the  objective  compari¬ 
son  found  in  the  evaluation  sections.  The 
fact  that  additional  equipment  and  new 
evaluation  sheets  can  be  added  substan- 


^Book  Reuieuis— 

tially  strengthens  the  value  of  such  a 
catalog  because  of  the  rapid  pace  of  ad¬ 
vancement  in  our  industry. 

The  true  value  of  such  a  service  as 
offered  by  The  Computer  Display  Re¬ 
view  will  essentially  be  determined  by 
how  well  the  up-dating  task  is  carried 
out.  If  the  volume  is  not  frequently  serv¬ 
iced,  its  timeliness,  and  hence  its  value, 
as  a  source  of  current  display  technology 
will  decrease.  T  would  expect  that  the 
professional  quality  reflected  in  the  ini¬ 
tial  issue  of  The  Review  would  be  ex¬ 
tended  into  the  maintenance  task.  —  L. 
M.  Seehercer,  SID  Publications  Chair- 


Fundamentals  of  Display  Systems  by 
Harry  H.  Poole.  Published  (1966)  by  Spar¬ 
tan  Books,  Washington,  D.C.,  and  Mac¬ 
Millan  and  Company,  Limited,  London. 
403  pages  +  x  pages.  $19.50 

A  better  title  for  this  book  might  have 
been  A  Compendium  of  Display  Systems, 
for  it  is  a  reasonably  well- written  and 
comprehensive  description  of  virtually 
every  device,  equipment,  system,  and 
technique  used  to  present  visual  informa¬ 
tion  to  an  observer. 

The  underlying  fundamentals  of  the 
displays  described  in  this  book  are  really 


developed  in  the  fields  of  geometric-phys- 
iological-physical-  and  electron-optics, 
solid  state  physics,  mechanics,  etc.,  all 
of  which  are  briefly  touched  upon  but 
hardly  in  a  fundamental  manner.  In  fact, 
the  entire  approach  to  the  subject  mater¬ 
ial  is  pragmatic  including  such  nonfunda¬ 
mental  information  as  trade  names  of  de¬ 
vices,  military  specifications  imposed  on 
general  electronic  equipment,  “.  .  .  meth¬ 
ods  of  bypassing  environmental  restric¬ 
tions”,  and  considerations  in  the  design 
of  power  supplies. 

The  book  is  divided  into  five  parts 
and  four  Appendices,  Part  I— Cathode 
Ray  Tube  Techniques,  Part  II— Other 
Display  Techniques,  Part  III— Display 
Systems,  Part  TV— Related  Areas,  and 
Part  V— Future  Display  Techniques. 

Part  I  starts  with  a  brief  review  of 
cathode-ray  tube  principles  followed  by 
a  narrative  description  of  contemporary 
specialized  cathode-ray  tubes  (i.e.,  flat, 
storage,  color,  printing,  beam  shaping, 
etc.),  which  leaves  the  impression  that 
this  is  the  basic  building  block  on  which 
the  remainder  of  the  text  is  to  be  struc¬ 
tured.  Very  rapidly,  however,  the  author 
departs  from  electronic  cathode-ray  dis¬ 
plays  into  photographic  and  optical  sys¬ 
tems,  electromechanical  devices,  solid 
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state  displays  and  in  general  the  text 
becomes  a  stew  of  everything  about  dis¬ 
plays  that  can  be  crammed  into  400 
some  odd  pages. 

Part  II  includes  chapters  on  Large 
Screen  Techniques-Projection  and  Dis¬ 
crete,  Individual  Display  Units  (alpha¬ 
numeric  indicators)  and  Display  Peri¬ 
pheral  Devices  (symbol  generators,  mem¬ 
ories  and  controls).  Part  III  includes 
chapters  on  Introduction  to  Display  Sys¬ 
tems  (engineering  considerations),  Tele¬ 
vision,  Radar,  Computer  Generated  Dis¬ 
plays,  and  Miscellaneous  Applications 
(plotters,  facsimile,  etc.).  Part  IV  deals 
largely  with  disciplines  involved  in  de¬ 
signing  displays  such  as  Human  Engi¬ 
nering  and  Optics,  and  ends  rather  be¬ 
latedly  with  a  chapter  on  Luminescence. 
Part  V  presents  first  a  chapter  on  Present 
Display  Performance  followed  by  Future 
Display  Techniques  (which  really  isn’t 
future  at  all  but  rather  describes  present 
techniques  still  in  a  development  stage). 
A  strange  omission  lies  in  the  subsection 
under  Light  Modulators  where  both  the 
Kerr  and  Faraday  effects  are  mentioned 
but  the  more  widely  used  Pockels  effect 
and  crystal  modulators  based  on  it  are 
left  out. 

Since  mathematical  relations,  graphs, 
and  tables  are  not  derived  or  referenced 
the  reader  new  to  the  subject  matter  will 
not  easily  be  able  to  pursue  research 


along  any  specific  line  of  investigation. 
References  in  general  are  poorly  bandied 
since  they  are  found  at  the  end  of  some 
chapters,  and  at  the  end  of  the  book 
listed  by  chapter,  but  are  not  indexed  to 
the  text.  Even  when  indexed  by  chapter, 
references  are  found  in  strange  places, 
e.g.,  Destriau  &  Ivey’s  definitive  paper 
on  electroluminescence  is  referenced  to 
Chapter  17,  Luminescence,  but  electro¬ 
luminescence  is  introduced  in  Chapter  7; 
Soller,  Starr,  and  Valley’s  classic  work  on 
Cathode  Ray  Tube  Displays  is  found  ref¬ 
erenced  to  Chapter  12,  Radar  Displays 
(Systems),  but  cathode-ray  tubes  are  in¬ 
troduced  in  Chapter  1.  Other  very  basic 
references  have  been  omitted  such  as 
Electron  Optics  by  Maloff  &  Epstein, 
Television  by  Zworykin  and  Morton 
which  might  have  better  replaced  less 
fundamental  papers. 

In  attempting  to  relate  all  displays  in 
one  book  the  author  has  inadvertently 
demonstrated  how  unrelated  many  of 
them  are,  and  in  the  process  dissipated 
his  efforts  on  fields  that  are  already  well 
documented  and  to  which  he  brings  no 
.new  insight.  Thus  standard  television  and 
radar  systems  could  have  been  omitted 
and  the  section  on  Computer  Generated 
Displays  expanded  —  or  the  TV  and 
Radar  sections  could  have  been  restricted 
to  slow  scan  techniques,  unusual  scan- 
ning  geometries,  etc.  Certainly  the  space 


used  for  a  picture  of  a  typical  home  tele¬ 
vision  receiver  (p.  199)  could  have  been 
put  to  better  use  unless  the  book  is  in¬ 
tended  for  inclusion  in  a  time  capsule  to 
be  retrieved  1000  years  hence. 

A  glaring  omission  in  any  fundamental 
book  on  displays  is  a  long  overdue  and 
definitive  discussion  of  resolution;  the  de¬ 
velopment  of  relationships  between  the 
common  measures  of  resolution  in  radar, 
television,  optics,  photography,  etc., 
would  be  a  great  service  to  workers  in 
the  display  field. 

The  book  cannot  be  considered  by  it¬ 
self  as  a  text,  handbook,  or  catalog  of 
devices  although  it  contains  elements  of 
each  of  these;  however,  it  does  make 
fairly  interesting  reading.  The  narrative 
descriptions  are  clear  and  lucid  and  in 
general  the  writing  style  and  English  are 
good  (except  for  occasional  technical 
vernacular  —  like  the  use  of  the  word 
“monochrome”  to  mean  black  and  white) . 

Some  of  the  devices  and  techniques 
described  may  shortly  become  electronic 
oddities  and  as  such  have  little  lasting 
value  to  designers  of  displays.  For  the 
most  part,  however,  many  practical  ap¬ 
proaches  to  the  design  of  displays  are 
described  in  the  book  which  is  largely 
hardware  and  equipment  oriented,  and 
it  is  here  that  the  book’s  true  value  must 
be  measured  against  its  cost.  —  R.  A. 
Davidson,  Charter  Member,  SID. 
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ijl  voltnfrir;  ki  Law  that  a  pilnC  iLsht  wiD  ntri 
opera  In.  IE  is  avodoble  ui  boCrs  F  las  ^  type 
■ind  julrslcj-lypi-  c-an figurations. 

Ciith  F:«Ur  Unit*  taw  FU.  Vi 

Microcircuit  Step/  Repeal 

Bural  i^cidth  L ,  Ne**'  Tank*  &rrcr> 
•Ls  Misoiim  step  and  repeat  hTndid  l6l 
fa  csnnpkte  ri'-iSc'-isn  cdf  the  finn'j  Model 
<  which  features  vernier  setting  riep 
dials  wlisdi  c-j.ii  Fh-  n-t  t.i  0.00005  Inch. 
Vf AiTTufyLsig  reader  arr:  nsnurued  an  holfi 
the  X  and  V  dinx'iiAifr'K  to  dry  rua  and 
C*Ws^k  «sultn  Jnrfow  (frf  in J'liT  ptllr  (i 

Mi  tinallv  ] :-a r.H 1 1 1 1  r-r | ,  THip  frlHirc  UAlt  il 
pHct  tutd  uprraEei  in  bnth  llui  folly  aulo- 
inutically,  aLcurdriiK  to  die  •  naiiuf htl  11  n-r. 

Cirdt  Anidi-  Carp  Hf  H 


MUllipfcH  Fiber  Qpiies 

?nb-Oi>l k  SysteiilE. bfC.,  PjsriUiWUid,.  C^hr., 
bos  >uinin>r»ced  a  new  type-  AST  ptdymrt 
fiber  lisl:!  bundle  ihaE  ndfenc  rn.ui;.  advan-> 
E.ijCi-s  aver  llie  p£acs  4>rpel  acearfllriB.  la  the 
Thtioc-hJ  Mufhjilrtrt  hundfc*, 
thvy  [iriivkle  inijli^i-vd  Fl^ibflUy  aiul  *Yc 
rdmast  Lndpstroclihle.  Tlx1  bundles  rnpnrt- 
edly  |  i  •■■sik-  IransanissKiii  elinjaelerlstijcs  su> 
[k-rtor  ho-  fllrin-s,  esperisny  tn  tlie  ir  nrvd  vldlrt 
ictl'ift*  5f  llie  sikrttrwr*.  I  lgllt  bsi  fffms 
liubblL's  aid  cliipjnrd  daddinj;  is  uLiininabcit. 
Kun^breakalifii-  characteristics  altow  die  u.sc 
i>f  2  thin,  ’iCTitwii^it  sFw-alh  .Mlin-c  than 
the  bulky  rtairil-«*  steel  ear.wihUtd  tuha 
uEiialfy  required  tvftb  JtlST-S.  T1*1®  tyf>ei  of 
li|>ht  unreel  are  available. 

Cw [f*  *44Ck>  SfriH  iv4  h<>  K 

Rajdcdt  IndicalHS 

Alee  ETliK-trimle  Pjodn^i*  Ljawrfoce. 
Hbhu  «0D«CU  file  Awaiklrfldy  rf  Hi  «r- 
i>-<-  i.jf  nrAflini'  IndLeuWs  for  l~i|ili  inlei'Mly 
displ  iy.  Il>ri:^l;lly-:ll-,ii  iri-itud  i-in.  tliipEs 
are  indicated  mi  an  eain; raved  lucite  plaVe; 
the  rifipinhs  nn-  morJcnd  is  a  series  of  white 
dots.  The  pi. ire  ia  id^fi-lighted  by  a  nrw 
typ*  pF  tneaflde*C$Qt  IflBtp,  ibe  firm  sialic. 

Tito  lumps,  wliith  aie  sofclered  to  phra 
to  rribtt  totprtipefnfeiiiiiKf  problems* 
hi  Hi  nl  4a  h:mr  :i  l-if ^hp-i-fnrH-jf  nf  Tmm 

riO.COO  Ili  50, 0M  JtoAirf.  Ovc-raEI  iS»  pf  the 

Liidic.i3.D4---  ii  i'rlh.  hlgll  hy  i-Ui.  •■'•Idii, 
uojrow  width  u  stated  to  allow  more  re.id- 
tiLits  lo  bit  I  rut  a  Hr*!  and  displayed  tn  Lim» 
iUrd  hp.itr  .iir.Lh.  Hie  undN  an-  .LvaiLtble 
|n  0-  -N*d.  14-vpli  JiKxifft 

BMdfc'  r:-Vr*.+  Cs-4  Hi.  j4> 

DC  Differeritiai  Air-plifief 

A  dc  djffrrynlkiE  cijx-r.1t10n.1l  impkrier 
uMixIrt  Si;']  ;■  wbl^h  Id  doled  co  pravide 
ixdi-j-h-iii-ivi.Miiui  mil-  I  H-rirj  offset,  drUl, 
uatm  11:11.3  Ctpiuitoi:sl-mcidr  jMiffariaAnra  tb«n 
prcumt-iUy  Fh-T  iu'ii])lif|icn  Is  JvftilAblc 
lioni  AmaloK,  UiwkTS  lltt.,  CAtobtfid^v, 
\Enw.  CocnpleEety  sutid-slBEc,  llie  301  is 
fully  encnpsuliiied  irrio  .1  i  *t  in.  by  0.9  in. 
module  lor  direct  niountinii  un  printed  cir> 
enit  i^ards. 

Typleii]  iippltc aljiirih  fnr  Ihe  503  Indudn. 
i  ri  1 4  -  l;  c .  1  ■  i!  r  ^  vvitls  time  eanstani  of  an.  hour 
«  rrwrt,  vtry  Ipw  n&i*  auri|>1ifji-i  v,  [>Ji-- 
implffim  fur  CipcflH(Fi  vMh  pkHOcliTetrle 
and  oilier  hii^i  impalAnce  xSifter,  dlffcf- 
endal  ainpldiers  re<iuirliiri  Fi'sh  kiveta  id 
mniiiiai  mede  wll-iije,  folJuwcj  ampliTirrh 
until  the  mLnsmnm  of  source  loading;,  lo^' 
inihmlc  and  other  wide  dynamic  mine 
jni;j>lihi-m  requiring  signal  rviinfl  iwr-r  nine 
ardiT‘--,,f-n^C3iit,.idi-,  umple-nnd-liald  o> 
fJlfiefl  ^Spphlfl-  of  storing  lew-lew-]  stgualj 
on  rtttll  viUie  cujKmtors*  and  cyenlrfiii- 
Skins  of  (Ira  kbiWc  fWJiiirwrv-rHt, 

CnClr  RhiCf  14-V  ;*  £*rd  He  Sr 

ZfKl-Vf  ShOftAfC  Lsnifis 

ILliLmlriatlcei  Enthixtriri  Inc.,  Sunnyvale, 
Ckhf,,  hoi  anfwju&ned  a  sniesi  of  SfiO-w  sner* 
ouy  ibMt-in  l*mpS  wUb  five  hens  non  1 1 
efflcienora  up  lo  IH?  lutoeli<S/‘i»,1  TeniSc«l 
IWOl-AlTHWI  OlSPtolf,  SfPtiiOMR.'OCTOtEA,  IfcS 


Take  a  giant  step  with  Benson-Le-hner’s  new  Family  of  graphic  digitizing  and  reduction  syslems.  Now, 
for  (he  first  lime,  yau  can  build  a  system  to  fit  ynur  current  requiremcnls  or  your  luluro  n^eds  —  easily, 
ofhtienlly  and  economically. 


With  I  he  Large  Area  Record  Reader  (LARR-V).  digitizing  of  engineering  drawings,  plans,  Arid  htapi  wsth 
output  to  punched  paper  fapo  or  punched  cards  is  quickly  accomplished.  For  high  volume  jobs*  an  ISM 
compatible  556  hpi  magnetic  tape  output  Is  available. 


For  precise  printed  circuit  artwork,  the  field  proven  Craphic  Artwork  Reduction  Digitizer  (CARD)  syikm 
hat  unequalled  capabilities.  The  CARO  it  adaptable  fur  us*  wish  alt  coord malographs  or  the  LARR-V. 

CAR  D  flUtpuf  is  di  rectly  usa  ble  for  numerical  control,  computer  at  diafline  sysle  ms.  RfesOl  ui  ions  of  .CO  1  . 
.010";  .C50'1,  ;100"F  .250,r  and  .500r'  a-re  standard.  Grid  oflsot.  absolute  and  incremental  outputs,  and 
special  commands  are  aN  included  with  CARO. 


fni  cflmputef  aided  dtji^ft-  simple  d t  complei  rely  on  flen^on-Leliner  f □  1  |s rorn n  sys terns  iveijr  Step  of  the 

betison  -  lehno  r  co  r  porat  t  on  i4?6  l  CALir^  stp»let.  uuvs.  gal ifqrk  a  .  ?gi  .7  iqc 
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MPORSMiTlsW  diSPlAY,  SEPlt^Tf  P-  OClOMe, 


ClrcU  P**dir  j*r.,n  C-»-S  Pla  54 


actual 

size 


ALL  THIS 

IN  THE  SERIES  BX 

BOX  SWITCH 

•  UP  TO  4  POLES  OF  SWITCHING 

1-A,  1-C,  2-C  &  2-A  in  this  MOMENTARY  ACTION  pushbutton  Switch 
(or  D,  F  or  G  contact  forms  on  special  order). 

•  INTEGRAL  SLIDE  CONTACTS 

Silver-plated  spring-tempered  phosphor  bronze  contacts 
rated  250  ma.,  30  watts  max.,  A.C.  non-inductive  load. 

•  ADJUSTO-CLIP*  PUSH-IN  MOUNTING 

Instantly  adjustable  clips  for  front-of-panel  “snap-lock” 
mounting;  for  panels  3/64"  to  17/64"  thick. 

•  BEST  LOOKING  BEZEL  IN  THE  BUSINESS 

Low  silhouette  bezel  pleasingly  frames  switch  button; 
acts  as  an  attractive  escutcheon  plate. 

•  SUPER  SPACE  SAVING  SIZE 

Mounts  in  matrixes  on  11/16"  centers  in  either  of  two  planes. 
Takes  only  1  y8"  behind  panel  depth. 

•  CYBERNETICALLY  DESIGNED  BUTTONS 

Handsome  finger-fitted  concave  design:  choice  of  white, 
black,  red,  green  —  other  colors  and/or  identifying 
legends  on  special  order.  7/64"  button  stroke. 

•  MOLDED  BODY  ENCLOSES  CONTACTS 

Protects  against  dust  and  dirt .  .  .  prevents  bending  or 
disfiguring  contacts  caused  by  excessive  handling. 

Terminal  identification  molded  into  case. 

•  AND  INCOMPARABLE  QUALITY,  TOO! 

Built  with  the  very  finest  materials  manufactured 
in  perfectly  matched  molds  .  .  .  with  the  “solid” 
feeling  action  you  expect  only  from  the 
most  precisely  engineered  switches! 

Ideal  for  computers,  data  processors, 
telephones  and  telephone 

equipment,  etC.  *  Patent  applied  for 


5531  Elston  Avenue 
Chicago,  Illinois  60630 
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Type  III  Series,  they  are  capable  of  opera¬ 
tion  on  either  ac  or  dc,  and  are  available 
with  or  without  starting  electrodes.  Con¬ 
struction  is  of  clear,  fused  quartz,  with  es¬ 
pecially  processed  tungsten  electrodes.  They 
are  extremely  intense  sources  of  uv  and  vis¬ 
ible  radiation. 

Either  a  2-  or  3-electrode  type  is  avail¬ 
able  in  a  4.1-  or  4.75-in.  overall  length,  suit¬ 
able  for  new  equipment  designs.  They  are 
interchangeable  in  all  existing  fluorescent 
microscopes  and  other  fixed  designs,  incor¬ 
porating  200-w  short-arc  lamps.  Advantages 
claimed  include  constant  output  over  lamp 
life,  extreme  arc  stability  on  dc  operation, 
and  compact  arc  size  for  easy  collimation. 
Chief  applications  include  photo-resist  ex¬ 
posure,  photocopying,  color  TV  exposure, 
uv  illuminators,  slit  illumination,  and  micro¬ 
scope  illumination.  Characteristics  include 
luminous  flux  10,000  lumens,  arc  size  0.10 
by  0.07  in.;  minimum  starting  voltage  10  kv; 
average  luminance  33,000  candela/cm.  sq., 
average  dc-operational-life  400  hrs. 

Circle  Reader  Service  Card  No.  60 

Variable-Scan  TV  Monitor 

ITT  Corp’s  Industrial  Products  Div.,  San 
Fernando,  Calif.,  has  introduced  an  all-solid- 
state  17  in.  variable-scan-rate  television 
monitor  with  unusually  high  resolution.  It 
can  reportedly  accept  a  variety  of  fast  hori¬ 
zontal  scan  rates  and  horizontal  axis  drive. 
Its  unbalanced  wideband  horizontal  ampli¬ 
fier  will  accept  a  15-kc  sawtooth  without 
requiring  large  amounts  of  power.  Maximum 
spot  velocity  is  1  cm/microsec  forward 
( positive )  and  3  cm/microsec  for  retrace 
( negative). 

A  15-kv  acceleration  potential  and  a 
spherical-faced  CRT  permit  1000-line  reso¬ 
lution  at  the  screen  center,  and  not  less  than 
500  lines  elsewhere.  Deflection  is  magnetic 
and  focusing  electrostatic.  Intensity  modu¬ 
lation  is  provided.  The  all-solid-state  system 
has  a  very  low  drift  of  less  than  5  mm  per 
8  hrs.  Vertical  sensitivity  is  0.1  v/cm  with 
full-screen  deflection  to  7  kc;  3  db  is  down 
at  50  kc  with  1-cm  deflection.  Horizontal 
sensitivity  is  0.5  v/cm  with  a  15-kc  saw¬ 
tooth  full-screen  deflection  capability. 

Circle  Reader  Service  Card  No.  61 

Digital  Encoding/Display  System 

A  digital  shaft  encoder  featuring  unusual 
separation  between  encoding  transmitter  and 
digital  readout  has  been  announced  by 
Theta  Instrument  Corp.*  Saddle  Brook,  N.J. 
Up  to  10,000  ft.  separation  will  not  affect 
either  life  or  performance.  Such  distances 
would  result  in  brush  bum-up  in  conven¬ 
tional  systems  due  to  the  capacitive  discharge 
from  interconnecting  cables,  according  to 
Theta.  In  addition,  the  new  Series  10  en¬ 
coder  will  directly  drive  several  parallel  sets 
of  readouts  and  printers  without  the  need 
for  either  code  conversion  or  further  power 
amplification. 

Finding  application  as  an  analog-to-digital 
converter,  the  encoding  system  interfaces 
with  readouts  and  printers  rather  than  digi¬ 
tal  computers.  Specifications  include  speed 
at  1500  rpm  intermittent,  and  1000  rpm 
continuous.  Accuritcy  and  resolution  are  1 
part  in  10,000.  Life  is  25  million  revolutions. 

Circle  Reader  Service  Card  No.  62 

lnter-8  Weave  Cables 

Magnetic  Shield  Division,  Perfection  Mica 
INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 
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Circle  Reader  Service  Card  No.  59 


Co.,  Chicago,  offers  inter-8  weave  cables  of 
unusual  design  which  substantially  reduce 
magnetic  field  pickup  or  radiation.  Cables 
can  be  fabricated  with  compatible  alloy 
wires  for  thermocouple  applications,  with 
plain  copper  wire  for  applications  where 
junction  EMFs  are  a  problem,  or  with  tinned 
wire.  Increased  magnetic  or  electrostatic 
shielding  effectiveness  can  be  realized  by 
weaving  outer  shielding  braids  of  Co-Netic 
or  copper  over  the  basic  cable. 

Dielectric  separation  between  dual  layer 
sheaths  is  normally  PVC  but  other  insulat¬ 
ing  media  may  be  used.  On  braided  shields, 
a  final  insulating  outer  jacket  is  used.  Wire 
sizes  range  from  24  to  36  AWG.  Wire  insu¬ 
lation  can  be  PVC,  Teflon  or  any  other  de¬ 
sired  dielectric.  Cables  of  No.  24  AWG  wire 
are  available  in  continuous  lengths  up  to 
2,000  feet.  Continuous  length  limitation  is  a 
function  of  wire  size.  Inter-8  cables  using 
special  wire  can  be  fabricated  in  small  lots 
for  experimental  and  special  application  re¬ 
quirements. 

Circle  Reader  Service  Card  No.  63 

Precision  Film  Reader 

Richardson  Camera  Co.  Inc.,  Phoenix, 
Ariz.,  has  designed  a  precision  film  reader, 
the  660,  which  will  enable  an  operator  to 
make  semi-automatic  measurements  of  X, 
Y,  and  O  coordinates  along  with  providing 
entry  of  auxiliary  data  into  punched  card 
records  of  images  recorded  on  16,  35  and 
70  mm  sprocketed  film  formats  with  high 
speed  and  comparator  accuracy.  The  unit 
features  low  distortion  optical  projection  with 
automatic  selection  of  5X,  10X,  and  20X 
magnifications. 


The  choice  of  bi-directional  film  transport 
modes  offered  include  single  frame,  multiple 
frame  to  frame,  variable  cinemotion  ( all  pin 
registered),  and  fast  flow  motion.  The  en¬ 
tire  transport  and  buffered  film  reel  system 
are  mounted  on  an  X-Y  stage.  Digitization 
of  this  joy  stick  manupulated  stage  provides 
coordinate  readout  accuracies  of  better  than 
10  microns.  A  rotatable  retical  and  separate 
light  source  are  used  to  provide  reference 
for  O  and  X,  Y  measurements.  This  retical 
is  mounted  in  the  proximity  of  the  movable 
film  frame  stage  so  that  the  image  of  the 
film  frame  and  the  image  of  the  crosswire 
retical  are  both  projected  through  the  same 
objective  lens.  This  not  only  eliminates  error 
due  to  lens  distortion  but  abates  any  error 
due  to  lens  vibration.  The  reader  has  been 
designed  to  afford  maximum  reliability,  ease 
of  operation,  maintainability  and  safety. 

Circle  Reader  Service  Card  No.  64 

Pushbutton  Random  Access 

A  new  development  from  Houston  Fear¬ 
less,  Los  Angeles,  called  the  FilmCARD 
Reader  (patent  pending),  gives  4-second 
access  to  any  page  in  a  total  file  of  67,500 
microfilmed  pages.  The  desired  record, 
selected  by  pushbuttons  on  the  control* 
panel,  is  located  and  displayed  full  size 
on  a  screen  at  the  front  of  the  Reader.  The 
unit  is  a  desk  top,  self-contained,  micro¬ 
fiche  reader  which  contains  a  file  of  up 
to  750  fihncards  (microfiche),  each  of 
which  contains  90  microfilmed  pages,  pro¬ 
viding  a  total  of  67,500  pages  of  informa¬ 
tion.  Any  amount  of  additional  file  stor¬ 
age  can  be  contained  in  external  magazines 
and  be  quickly  interchanged  with  identical 


magazines  in  the  Reader. 

Operation  is  by  use  of  a  standard  115  v, 
60-cycle,  ac  outlet.  Overall  size  is  approxi¬ 
mately  16  in.  by  22  in.  by  21  in.  Custom 
models  are  available  to  specifications.  Spe¬ 
cial  optional  features  include  a  printer  for 
hard  copy  output,  increased  internal  capaci¬ 
ty  to  100,000  pages,  COSATI  and  NMA 
formats,  random  access  computer  peripheral 
equipment,  dual  screen  models,  look-ahead, 
replaceable  storage  files,  and  numerous 
other  features. 

Circle  Reader  Service  Card  No.  65 


Subminiature  Neon  Lamps 


Two  new  subminiature  neon  glow  lamps, 
the  A1B  and  the  A1C,  have  been  intro¬ 
duced  by  Signalite  Inc.,  Neptune,  N.  J.  for 
use  as  indicators  in  appliances  and  other 


m, 


TO  USE  WHERE  HIGH  INTENSITY,  LOW  POWER,  LONG  LIFE,  LIGHT  WEIGHT 
AND  SMALL  SPACE  ARE  REQUIRED -NO  MOVING  PARTS! 

qualified  for  aircraft  use/designed  for  avionics,  ordnance,  shipboard  applications 

DIRECT  VIEWING  of  incandescent  light  bars  (no  wide  viewing  angle  since  all  light  bars  are  on  the 
projection. ..  no  light-piping)  permits:  lowest  pow-  same  plane;  excellent  readability  even  in  direct 
er  of  any  device  -  total  power,  from  50  milliwatts;  sunlight;  smallest  volume  to  character  height. 


MIDGI-LITE 


ALPHA- LITE 


MIDGI-MATE 


The  digital  readout  (MIDGI-LITE)  is  available  in  5  standard  sizes* 
with  character  heights  from  1/8"  to  1/2"  ...  the  alpha-numeric 
readout  (ALPHA-LITE)  is  available  in  two  standard  sizes*  with  1/4" 


and  3/8"  high  characters.  Encoders  and  drivers  (MIDGI-MATE)  are 
available  to  mate  with  all  MIDGI-LITES  and  ALPHA-LITES.  All  are 
offered  with  a  variety  of  terminations. 


‘CUSTOM  SIZES  AND  SYMBOLS  AVAILABLE  TO  MEET  YOUR  REQUIREMENTS  .  .  .  WRITE  OR  CALL  TODAY 


INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1966 


Circle  Reader  Service  Card  No.  66 


83 


Hlevki-'.  Thu  AIB  1'  n  MUifrlJm-'* 

I. ii’iiL'i  nnc I  I  he  AIL  ii  a  hiuh  WiitlirrH-'*  '.irtip. 

I  .iit'il  ontfiiil  i  ■!  e I  - l1  hijjh  ijriylitni1" 

,.ILy  fiii'.\  .ippmidi  i.itriy  ti-n  4iiiot>  1 1«  ■  I 
rtf  flw  llirdiH  Mjuhliii™  Llhijk  niwl  cjn 
lie  t Jtd  ■  I  y  observed  under  ihmsil±I  ihtah 

II. 'lll.lL;’  COTldilMIft.  Si  Iixl.'l  I  bl^hlai#"-.’. 

Ikiuph  uf  ii>rif  uEirrt!  rHimi.il  Mill'll  in|i  toihIf- 
4iriixH  .11  r  .1  bH L  j  Invi-r  lijjbl  level  In  ■:!■ 

rired,  ujdi  ;it-  ufi  ■if-li'L  trie-  hl.uifcirts. 

Bfrifi  Lntjta  nir  *ii|>£i!",-'l  lu  .■  rli-.ii  ali>-- 
tube  vi  libch  i'  0.141  in.  rttfiX.  in  Jlprturtrt 
.i!m3  D  ri  In.  inu.  in  Irnfith,  I.lai!--  nine  3  hi 
The  Limp-*.  may  bf  prnviilnt  vrilJi 
m  urftlhtajt  n  etUTVl  llmlliiig  miftr  In  nc- 
coTtlancc  u-'iE h 

C"4*t  HHIMV  Sl^iiC*  Ci'd  in  17 

Hig.!h'Spterf  Strata  Writers 
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Cktin-jjuraenUl&i  lechimiur  ihtji  lies  ^i^iJliiSs- 
iiiK  modular  printed  tirtmiC  card1-  to  y.ivf 
imluiMrd  character  ^tj>  and  repertedre,  us 
svqiiurtd  hy  j.jwctfJr  pragnum-i.  nr  winlTiil 
circuit*.  iViUj^fihlr  to  ritibn  biftli-ijk-n.1, 
laiidtpji-aooeH-  wriliiiS  (yjtniu  cm-  fortiisllcd 
irdtim,  ific  Mixlel  4h]  can  ojKi-i'le  In»1 
rernol'-  location  i,  up  la  50  1  <■■*-! 1  and  can 
drive  Jk|  many  m  SO  nouparallcE  di»plk*>. 

CBfdi  eta  l»  ctiMcm-lHjlBl  tp  ptfoduce 
sirtiMlIj'  any  rlinpc  of  $ywlnL  fijpnr,  -or 
chacuctcr  that  ran  bu  made  up  of  £0  Or 
levin  sflraijtfit  line  scjjmrnli.  Line1  w^ment 
Lr-Jitf-Ili  .i:  h!  1 1 r i ■  i  I  i i :■  h  are  not  I  uni  Leri  and 


all  -h y i ri K-ki I-.  nPVr  uxiNcii  with-  nMitirtuCniY. 
CDHlHltd  line  DC'jWiettb  ill  a  cixutanl  nitc 
ll>  'I  Hum  uniform  line-  intuurity  and 
hrlsjJrfneii. 

Cmii  KuAr  liriin  Li  d  hi  fil 

M'ltrow-di'e  TV  rifinsmiltEr 

Bicn^n  Kiijb'ii  i*.  r 1 1  i|j  Cb.‘,«  El  I  ri.tr  oak  Syi- 
terns  Dh  ,  ICuutsvillr,  Ala.,  ha-,  cluvrloped 
■  vnljil  vI.lIk  ■mw-rrivi.u-r  I- : i ■  "■.■■.■■■  Ir:nih- 
mitlre  vu-ltiliLii^  U-ss  (han  10  Ibo.  L>csi(i.iKH| 
ini  0|>rr,vl  iun  on  an  S  ■h.iiril  irier.imi'y,  the 
unit  fwx5  aijqdlcationx  in  cLased-c-IrcuiE  T%r 
syvli-ii'p-i  for  aerospac-e-,  ludnitrial  .nnl  fdura* 
lioijal  pnrpn^s. 

\3r:n.iitdn-,!  J  ft  Iprm  1^  4  in.  llaHT 

i; r 1 1 3 1 h ■  r. ■  i r ■/ r  is  in  -a  a'.ilcd  nluninajm*rrn^- 
nesLurn  linmnK  that  ];emhh  cperalinn  in  all 
envinnwH‘ntr.  inrludinfj;  cmler  s[u<f  .in:! 
LiiKlrrwater.  It  jwadiiets.  2fl  isilHitvfitts  ^ft 
22S1  nw-jiiic-yflH  *wt  flgitHif  nrai  IS  w 
(afri.T  WilHWp),  lb  simplified  -ilf-i^M  is 
rcittiried  to:  ulilizr  fc.ver  and  ‘■mailer  oom- 
;h;'h.t1s,  n'lje.ire  k«u  i lower  than  similnr 
nmlJt,  and  hi-  hlidily  ft-lnhli-  and  fvi^ed. 
TW  lend  rrjwirtHHLIy  C*n  Ifr  Ptlliml  wilili  irt'lr 
TV  rqulfJffleflL  hndrtjj  1  75-olim  irpuE  im-- 
l>rd*iH?c. 

ft*  Ki»*h-  hntE4  End  in 

^inidlurg  Dticad?  Ccjnlsr 

UibiLcd.  Cnnpolf-r  Co.,  Temple,  AjIz.f  bd- 
■WUI^rtlEit  ll'i.ii^n J. il-Eliti-  ij[  :l  h  M-  k^  I  I- LA42 
1 1 1 c i - u; i_*. I h I  i  iicnil  ■fh.f.ciU;  ixnjutrr  The  mut 
in  1-3 1, r 31!  ir»  li:i;h  ;p!li;vi-inu  i=im?  in  Ihir  I?m 
in.  l-'ijcli  irarlc  nwyiitcd  vyvtcnn.  X r ‘.v  haifdit 
iridane  eli^plny  !i.i?  S  in.  lii^h  [uppvitffV  >'iTid 
obji.  be  rend  iwrf  wfdlr  vl^wjnn  4fHlr*. 


aiirmait  pn  5  In.  n-ntf-r^.  Cwrtlnjj 

'[H.HL'lJi  HIT  Jr  k<  3  qn||3iuai  LVU  ■!  tb  fHTf 

MfronJ.  Thr  unit  is  available  w-'lth  10-liiw 
hUs  iin.-.l  ur  Elf!  13  eleLtn-i.vl  output.  Supply 
vnlljiijE-  iy  a  3.3  v  ni  l£0  ihj.  fur  logic  and 
5  ■■  nr  OCI  tn  4X1  rki  li-’-  fi'w  L.n.|^,  S .  1 1 1 1 ■ 
vuhajje  mrtiUds  arc  athn  ^v^ilablr.  llic  unit 
ihiiuiis  I'lL/lCi  in  El  a  1  In.  W  \  35  in. 
L.,  •iS  ■. m l; i 1 1  Is  3  CHHioev. 

Cibcn  l-4rin  iwrntr  C#d  H#  7E> 


ttifch-SeMiliyity  C»T 


Ampr-reE  tlk-ctromi  Corp.,  Elicksville,  L.  L.r 
M.V.,  aniicAiiwes  Ehe  D 13-37  CRT  w--1im4i 
firivm  M|J>  sni-iiiv-uy  fer  lit  Irpflth  hrv) 
■  face  idle.  It  ii  a  3-in.  rui'-'i.!  HatTsoe  jseii- 
I'ral'i^.iEpo^-  display  lube  Intended  for  u» 
in  precision  sm4nimenla.  Its  JcKort  h  u  -lli  of 
13.S  inches  ana  Vi?  s  it  fspctiilEy  Rdhd  f« 
tiStr  in  frflnsItlMrtKi  *qBfpm«(t.  in*c  Itibe 
feutuTcs  clertruSiatLr  fucosinit  ami  defUtl'kin 
and.  Lnooiparalv-r  el  hellcat  distributed  T.  L>.  A 
lystens.  It-,  ii-rtie.v]  lenntimly  st  IT  v  cm 
wd  liorliofifhl  Scii<£1ivDty  is  £7  v  cm, 

Useful  scan  mem  h  H  a  13  cm-,  end  spot 
sixe  Is  O.0L2  In.  The  Amperes  LI  13 -27  ntil- 
iac-i  delb-ciinn  hlankins;  elect rstdes,  ihui  ih 
lowlrtfl  EiIj  hLjiij;  clJtfiiLliy  to-  ht  rcJ^icrLC-ed 
In  J|tciiui J. 

OtEh  itid*.  %•***  Cud  «*.  H 

Video  Convener 

O'lltn^.lo  Viilet  Irtr,,  Boukler,  Coin,,  hat 
inIrsH?uresl  a  videfi  ounverier  -which  pro- 
-vklex  a  "si mi' scan"'  T\‘  signal  Erosn  stand.' 
ard  "real-time"  video  Cr-uLpli-l-rly 

tnlid-itafc,  dirt  Misfit  FichlrWTi  i*i*s^rsiCirt  by 
iiMMin  of  '.i:  npliiij;  [Other  than  nIumkc  Inhesn 
Unis  prwiilini'  snpccMir  rusoluLiuri,  grey 
sente,  and  shading  cli.uaslenvtics,  accntdiriK 
t:i  thi-  nLLiiulacturer. 

Tils-  iiiflrte]  30L  may  h*  vi«J.  for  rsatrf^'- 
birsd  vtvual  rrtiiinniicilcrttpOn?,  ^-iLteo  pcorrss- 
iiig.  or  ns  u.  cunipuLcr  input  device  far  data 
nri.ilvsb;.  Slow>scan  Ir.mie  raLt^  arc  variilslc 
fronb  5  In  60  sresmsk,  nmi  cither  analcip  or 
dtJUfll  nHitJiiits  ritay  bo  sck^ftl. 

Ciieu  hudir  r.id  .■*?  Ti 

0mm  Type  Incremental  Plotters 

OlShtfOld  Cwpitc  F‘rixli*?b  list.,  Aru.- 
1k  ini,  CaUT.,  aniWlunres-  llic  ;n.ii|. ik;lil>-  i:-f 
itv  ^EixleL  D65  nnd  663  Jruiibdype  diiptat 
iocrmsenlnl  plnttecs  whicfi  HDpera.lT  at  iuyii- 
ehioncnL-c  iix«flsr-ntnl  slTp  rjihr-s  up  to  three- 

li^rt  the  spwfl  of  riinditd  Modtb  W 
^ikl  563.  CcinpaLible  with  all  CalCcnnp  rtrt- 
line  interface  unit!  and  off-lire  iape  units 
(Models  470,  756.  766,  770  and  TSOI,  elec- 
trcuiu-s  an-  nsnunJCed  in  a  di  4:  styte  pnrisoJr. 

TTfc*  liNlertv  pri-rt-iilr  iwJt-ch  of 

cillicr  0.01  i=i.  Or  0.1)05  EtK  Mrp  vise.  McJs'l 
f>li 3.  willi  a  12-inch  dmni,  si pe rates  .it  in^ 
cmnmtal  sjwrtls  □!  KK3  steps  tm<c.  in 
0.005  In.  itr-p  m»i-  and  450  stTps/*e^,  In  the 

Q.OI  h  d(p  tiff,  ^todr.f  with  *  40- 

l*M.ib  i.in.iii>,  crjtn-iiirs  ill  rurrmpufttlinii  speeda 
ihf  7M  and  350  stcps/scc. 

c-’tta  iijjii  i*yu  t»-r  he  7} 

IMtC*MAlK3N  QlU-.Vt.  HPl|m(t^«lDmi  l-rt.\ 


MAGNETIC  SHIELDING 
MADE  EASY 

APPLIED  m  SECONDS 

Out  to  any  size  or  outline 
with  ordinary  scissors 

Gfr-Pistfe  mild  Nelifc  FsUs  .ve  i=Jo->l  initial  laior.i- 
iory*j,«!xptiiiiieniai'eva.lufl5i0n»n .  a!s.&  tot  pr&duo 
lioft  aeplicilj^fifl  and  aurnmaled  o^rat>ari±.  Ct.t 
rnDtleall^  tnhanc*  cempofianl  pt'ric-rma-rscd  by 
iiopt-injg  degradatitfl  rf&fii  u  ns  edicts  t-!*  -"naine- 
liclififls.  Whesi  Aroi»n-d*d,  Toils  shield  tleclro- 
ilatn'aiiy.  They  0 - -fi  rtfif  SiQiliT>&&Ot!y  fueled  by 
dropping  vibra>tidn  or  «  -and  do  rs:  require 
peiiadie  ahrii’ii’.g.  A^ailabTm  in  thiekn«ss«s  from 
.(XM1  in  reiifi  V.  15",  and  ]  9-3/a'^id&.  Hich  aLLin. 
Lillion  10  wrifiill  fa  Lid  possibilities  Every  MlfHllfl 
find  virl  aa'-ly  fill  +;  ji«J-j  FlCfi  dMoHllwrAIM  telrfibility 
with  Me-tfci  a  ad  Cfrhletlc  allays,  -sarins  ^-aloatl-e 
space,  fiht,  linva,  and  money. 


1MM 


Fcrlecllani  Mica.  Ca>npn.ny 

1323  N.  ELSTON  AVENUf  CHICAGO  23.  ILLINOIS 
OfflMS^ress  a^i Nrnififtrtvi  m  t* i:  li>nj  rrr  magw  fri.-nmuQ 
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If  you  switch  signals 
. .  .you  need  this  book. 

(It’s  FREE  from  DYNAIR!) 


Yes.  for  3  JintlL-ctf  Lime  only,  yuat 
can  recti  vc  a  free  copy  of  this  Eis-tpfut 
new  boaltP  with  tbulutd]i  ikf  ohli- 
gittonl  Jitsi  mail  Ow  coupon. 

iPu bLisVied.  by  DYNAIR,  the  lend¬ 
ing  ntanufacCurcr  of  video  tlislribu- 
tlon  ssvjtdting  equipment  this  book 
describes-  Ihe  most  commonly  used 
melkodiof  swjichiup  video  untlorficf 
hEgh-spcod  infontlilKin. 


The  jpholoeraphs  shown  arc  sam¬ 
ple  pages  reproduced  di  reedy  from 
“Vidto  Switching  Techniques11  and 
arc  (ypieul  of  ihc  m  itcn,i!  preseniod. 
Pictorial  diagrams,  supported  by 
c an y -to— un de rst an d.  lest,  charts  ;md 
tables,  make  syslcm  dcsian  simple. 

The  book  ineludcs  useful  design 
information  for  a  multitude  of  -iyf* 
terns,  both  video  and  audio  . . .  sim¬ 
ple  and  complex.  (High -speed  dala 
can  be  switched  using  the  same  tech¬ 
niques.  )  It  coven  everything  from  ? 
basic  single-output  moniior  switclier 
to  complex  dial-r-unt  rolled,  solid - 
state  switching  systems  which  cais 


conind  hundreds  of  inputs  inul  hun> 
dfifds  of  outputs.  The  problems  in¬ 
volved  in  selecting  Che  basic  type  oE 
switcher  For  a  particular  application 
are  discussed  with  the  exact  equip¬ 
ment  -detailed  t\>r  ninny  ^xitb-ms. 

I3YNA1R  snatching  equipment  is 
installed  in  numerous  fUCiliclei 
chroughciuc  the  world.  Wc  hjive  sup¬ 
plied  reinote-conifLifltd.  solid -suite 
systems  wiih  ys  us  14.000 

crowpoin^  One  system  provided  in¬ 
dependent  selection  oF  E 35  inputs  by 
390  teparalc  monitor  locations ™ 
probably  the  world's  largest  solid- 
state  switching  system 

The  practical  building-block  con¬ 
struction  techniques  used  in  solid- 
5 tale  DYNAIR,  equipment  alhiw 
syslems  of  virtually  any  to  lie 
easily  assembled.  Pl!ug-in  modular 
etched  circuil  boards  are  used 
Throughout,  assuring  ease  of  main¬ 
tenance.  Cuslom  control  pfincfs  can 
be  provided  io  suii  slmcKSi  any  re- 
quirernent. 

DYNAIR  its*  martofaetureS  a 

variety  of  other  television  equipment, 


including  solid-stctc  modulators  find 
demodulators,  sol  id-stale  modular 
video  amplifiers,  and  soliil-srate  side- 
hand  analyzers. 

IE  yon  use  this  type  of  equipment, 
you  might  like  Lo  receive  cither  our 
complete  catalog  or  lileralureon  spe¬ 
cific  devices;  DYNAIR  product  in- 
Eoimation  is  available  upo-n  request 
—  just  write,  outlining  your  needs. 


vm  rEftfcH  iL«t.  V  44. H  EiiE«L  CALff. 
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CRT 

DISPLAYS  to 


LARGE 

SCREEN 

COLOR 


merit  or  commune!  detistoss,  i yr 
permanently  recorded  for  lltt^ 
ma.  a  F b n  to rti  ec  h  j  l  it  i  e m system 
will  do  it  for  ynu  most  Efficiently. 

Liirpte  Screen  Display  Systems  by 
Photo  mechan  i  rdjpb  i  * 

caLLy  record  monitored  events  find 
display  them  in  a  variety  of  rat- 
ora  in  near  real  time.  Present 
systems  are  particularly  well 
suited  lo applications  where  larj?e 
amounts  of  data  must  be  flis. 
played  ami  chanfftd  refful-nrlly. 

Hard  Copy  ( Jencral  inj?  S>  slcms 

by  PholomKhaniflTiiiFi  can  he  cus¬ 
tom  asaembled  from  modular 
^subsystems  to  meet  your  specifi¬ 
cations  for  capacity,  sensitivity, 
and  coat.  Four  basic  systems  are 
currently  available  to  fit  most 
applications. 

Fast,  full-color  display  for  deci¬ 
sion  makinjr  or  clean,  permanent 
prints  for  record  and  analysis— 
Photom  ec  h  a  n  is  ms  engineer- 
wientLsLs  can  help  you  do  what 
you  want  with  your  computer 
output-  Drop  us  a  line  today. 


I  a  fiL-ipui  Ka:»  Hurl-r-ilt"!  ilHrih.  hin  IfrrV  1 1  H  S 
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Hulliitlliai  Aipjrcialois 

N**w  2-76  Scrfn  a  nannies  a  ton-,  dewIcGurd 
I :■>  liie  Kmv  M,Lii»if;it  lu.Ni  i(i  Go ,  Sn-j.llli'. 
Vt'ash.,  j :■  ri i ".  j i L: ■  convplr-tc  [WfiffrajTt’;  cif  in- 
dfiaRknu  for  I tic  hqwhkI  epaattonx  of  a 
jy>t-cin  or  Cm  hiwiftijrin^  dir  ftfftm  ef 
jsjrflenis  Miuulranrously.  Entiucd 
iin  t'juplivt  L-itrSid-  Lnniphnklrcs  <loxiralita 
■Tar  .Mi  f  H’irnr  i-spii  piiii  fi!  ■  EC.ii-ll  uidlcaling 
timpfwfclar  «DfeCLlbf  pwoT  is  nildffM  ri;iifigf- 
bflw  l-f-iii^y  htifch  jti'  fehtaviJbb  fnn  the 
front  of  Lilt  nw^uibly  wilboifl  use  df  CuaK 
IX'pn---vLafi  of  liic*  ijunpholiVr  lolruM^  an 
iilTi-mmL  LlIlP  jnedhiuitaik,  a  I  Lowing  dir 
iHioplKildrt  lei  be  ritfHttrd  Pivdin*  lb? 
lfimplKiklcT  im  llir  ri'loininHi  pi=i  repuc*^  Rbf 
lamps  for  inhlaoLniH'nl. 

The  ,m  nunc  in  Rots  air-  EahrLcalcd  in  n  wide 
taciH-ly  i:f  arrays  In  siUt  indiUdnal  rfi|uilre- 
nwtits,  Cu^i>n  etigrawfn*  K  KwmiiJuM 
in  a  Injy ml  ifiin-u  i4  0.35  by  LI  fcuL  TffiftS- 
hi  :'f*iit  villi  If  plastic  Icg-uisd  jiIjlIcs  li.qbl  rid, 
pffn,  hlisc,  amber,,  or  white  when  tht1 
lamp*  air  ill- 11: 1i-1.it i^ii. 

Ors.l*  Niidf-  : -rrr.il  rjitf  he  ?J 


Addiiiw  Color  Rear  Projects 


tu-uini-ii  iri^ntlfic  Chit.,  Santa  Ana, 
Calif.,.  annannc-cs  the-  design  and.  devftlufhi 
Tiirnl  ol  an  aihliLhv-  Milor  r^jn1  proctor  70 

Tivni  vfcrww  to  b*  t> ted  fft  rtHXiUDCtfan  wHb 

liMihawnHir  revun  1 1 ;  1  !>.  1 1  -Lt-  ruuwdi.  ui'iJi/f 
ill?  jfKoiyxrckip  cif  Jiumi:  Air  Development 
Center.  Griffiss  AE'B,  i\'.VT 

Thr  Twnjectflr  JBpgfppffJc?  three  :i£idiJiw 
■onlcr  ehpnntL  flnd  ow  rcfcimc?  thunl. 
A  ■’-('■irt.i  hrwl^i.'  tvr;i  he  m.jii  ||M.-i1  f i.:-r  NlCTl^i 
vicT-niiJ .  Thr  kiiir  dmuncls  cm  be  liniul- 
taneaniJiil^  im  indepefidnnl]^  ^ranrrd  in  s 
■nd  y  jtwhL-*  ud  1 wr  also  infi^jw-ndiMirfly  ad- 
fee  e  ud  y  irttwUUMi  ud  Imp 

n'd;.iEi>riii.  mIh^iiI  |1ic  0|>tlca3  mill  x  nmt  y  n ww 
LnrU  chiiniicl  liu  SK,  ] Wi .  nmt  SOX 
ficallans  vnriable  .1 5t ,  and  irvc-oiporatiw  n 
film  I  r .  1 1  _ >. | >.'■  1 1  *h-<iIiiIikh].iIi-i|.l  1  iVl  H  -nf  70 
mm  fibih,  war  jKroJeeUoTi 

■Stfwnlj  am  ^nmdnl  fen  vu^ing,  c^ucli 
fMliiipped.  with  n.  nicrviblr  3X  Iik-]i  far  □ddi- 
li0n.1L  liiJ-qnifL-:  j.1  im  1. 

O'Xtf  Rll^f  Simci  Cird  s=  T| 

Display/fttw-der 

hEr.ixa  litdiiiilrirv-'  DaLa  llmHlIni^  Dcpl-. 


L'.l  Cjh>n,  CnbE.,,  asnOnOeca  ]irci(hirtioii 
ii,  T 1 .-.  1 1  ■  P  ti  L  Chn.pln^.,'lk,«itdEr.  Thi.'  unit 
uCiliM^  n  IS-IFi.  CPT  (P-T  ^hn^ihnrj  far 

viiivunl  ili'pl-i--'  cf  « 1  j_  1  (0  JftT'li  h!pli.iEiiifTW-Hc 

Eymhals.  S^mbola  can  tv  l)(ACtd  ;iOy  nl 
11-21  v  M  G-I  rnmloin  hvaEicniF  imi  lhc  tctilvO, 
mi  llhr  rtjni;3i:ir:ii  c-.iu  Ik1  EDmmnrdLil  Lc 
ope  rate  hi  i-u  iBctwattii  mode  where  i>nnl:cil 
icilkiiys-  cymliol  (  \iinil  r  El  •  tVjfH-Vi  I  il  i-i  flpCT-1- 
tlnti ). 

TLir  1 3 1  -> ji L x y  l-c  equifipctl  wLlh  a  lij;hl  ]sc=i 

wIiMi  ■0.111  ih-N-rl  ,1  cymbal  ■:-!  n  un^lr- 

PtiiuL  On  a  I'k'liirfl  i.^rwf  A  lhatilisI  irtfrr. 
mpt  buLRaii  RO  thw  t-1*--1* 

fnmr  i>t  v.i-itcliirrq  over  La  rr-awdhi^,  Pr- 
<-nrdLnp  nr  £  Jiill  tmuK/jcc.  tnk«M  iitaco  ait 
35-  nun  iEiUt®m  33  1  5fi  mm  apiianal}  with 
the  cMtWji  fewhinf  *1  •  6-in.  CRT  ( "P-  H 
plic^plior]  iv rili  ft«1  ftticiibk. 

0  +*  P«*4k  Mn  c+rJ  Nf  T| 

IncaruJesc^st  Piiol  Liffht 
IndiiMrial  Dofcw  [iw-,  Edfi^^tf.  N.  J-, 
luu  amnountoil  lhc  -H'-iil-ibilitr  of  4  rH-g. 
mrjti!(lr«\-iit  511  lilt  jkIi*  —  ibr  -heriri  StiUi) 
Miiki-SJlde.  Hik<  .iltr.ii  tivo  .md  eirofimniral 
Jrilel  luiin  ujm  dldr-twi-u-  lamps.  Erls  unto 
an  11/10  inr  pai^rl  li^’,  xnd  ic  xvhlI.iMl- 
in  a  varii-Ly  of  Irnwv-  Fu dud i*iu  co/iir.  red, 
hinbr-r,  i^n-v-n.  hlue  hiwl  vr-  ||.-n.v 

i  he  l.cntjM  .in-  said  io  he  .-xl r.-ir.i-l v  Innq < 
Kmd,  miiwd  -iiMi  reliahle.  dmL  art  nvalL 
nbk  Troin  4  ti>  ISO  •*-  Rtbfflprt'a  ll  drtaple 
mu!  nhay  lw  diwii*  fruini  ill?  ficnit  of  llw 
p.irel  will  -iiiil  sprcdnl  loab.  7li?  Ljuiiij  itM-lf 
Is  rttrenifty  hiicht  and  is  easily  visihtr 

niirli.1:  |ll|  ni:  ihlrtlt  h^lif  Millditli  ilM..  aecoriL 
1  :iv  I- 1  [In-  1 -1. 11 111  i  ,  !  it-i  ’ll  :■  Ni-I  n  ■>  l!---""1*  I 
Sh-drnibly  la  Md  lO  IM  parw-1  hy  m earn 
of  a  nr«.’  njlon  ISa^MlllllHKnf  Wt  (pstort 
pending)  whidi  niilmnaMciilV  limi-1*  the 
iloRjec-  oF  torqiM1  it  can  bo  mbjectrd  Co  — 
llis-r-rlyy  eliniiruuliiL^  iin-  |>r<v>ihihly  nf  rfrip- 
plug  Ihr  UHnUy  UsrlF, 

C.icU  BjjJw  Simu  uvjii  rfc  U 

Signal  {1  cei5  ii ^  Slwap  fnt  c 

Warn relte  Klcrlrmi  Tubes  Inr., 
Ptmsr.s,  Til  ,  aunminofs  ihr  nv-jil.il;ili1y  <if 
:i  ]iL||h  ri-'jilitllaei  vrTsliMi  nf  ib  duul'^in 
Kll  -S  mErdWllW  ^ota^i-  iiiht  fnr  vldro  data 
pmxblif.  Mu-  RW-^EM,  the 

new  lube  u  rnfinbl?  af  ir^obinjij  y,  ji«ininiwlB 
of  1  iftO  TVr  lira--,  rci  a  tnr^cS  of  l-fa.-diwTl. 
S tor.1  Eh-  llniri.  Ecfnil  A  fiaClJlHl  -llE  3  WfOflJ 

up  to  -4  few  3  ;i:  mil  :  fiin  lw  f j TiT-V  ll Jh'-H t .  TTw- 

Cabr  iijr1-  cluutrC*iiujtiMfa;-  Foi.-m  nisd  clefl^- 
tian  tm  bdtli  write  mid  w«l  Sides.  Tft  $a»e 
nud  shapr,  Rhu  lubt1  h  Fdcniticjl  Co  cht- 
firm's  RW-S-,  ulflize<l  n  viitco-  ilala  proevsr 
j®f  drR  Mh  srnurrft  And  airboirk-  .ipplira> 

Uut,  The  lube  RTMftf  lb#  tlriHmr  wrfroii- 
mrrrlal  E?gMii?nicuts  ilf  MIL-E-SUKL 

Ch-cI<  Audi'  n*.  4] 

Inplnsiar-Pral&cted  TV  Tube 
A  SS-lB.  110*  bhd-iwl-wfcftt  ti-IrtlvJinn 

picture  Raise,  desoibed  ibf  l-nSr't  n'ms- 
inrrcial  LJIVT  having  it;  awn  inCe^mt  fcnfr- 
plmlon  pncile?Rs:in  sj-'.ilosn,  is  nvaltxblr  from 
l lie  Wi^RiiisTwcriisi:  ElH-tTonic  Tube-  nivluon, 
KhniiH.  53. V,  TTiif  hVtaiifi-iLnr  tnhe,  lis  x-ildi- 
tfeit  Co  iRf  Impfeeiw  pKdcttkwi  sy^tsn, 
offen  other  -ni-Ajitr  ft^toirS  )wli  u^r  -o'<t 
S37  sq.  In.  viewing  area;  jpeuF.il  CintL-d  slasi 
frsr  i:npri>vi-d  pictun1  cnntnisR;  four  intour.il 
hiainthiji  hrAcIrris,  nr  "cars-  Chat  fadbl> 
r :i 1 1 -  cabinet  uiMMiliisiL  And  entutruotkw  r I . . : I 


IMOE-VAILSN  DliriAT.  B.  KM 


FAIRCHILD 

cleans  the  beam! 


New  electron  optics  provides  unassisted  focus  and  astigmatism  correction 


•  NO  D£ FOCUSING 

WITH  DEFLECTION 

■  NO  ASTI SM ATI SM 


and  n-Fti^mnitF-cn.  wjRh  incncAsed  icm>- 
luticm 

Fairchild  lj.II  ^  [hi.i  The  ^lean  he.'.m 
Cubo'’  because  nf  the  excellent  spot 


WrLle  or  call  For  itifwmed  applica- 
I  idri  aiSiUMKe  Oil  the  ciuw  KC  2^i  5(i,  at 
ElJc  for  our  new  dS-pag^  caRJ.In^  I  isling 
(fver  4,000  tubei,  RhaE  w?  make- 


■  HH$H  WRITING  SPEED 

ffreatthrougfi  at  FofrcilarJliJ.r  The  Filir- 
-ctifcld.  dc-nn-hc-i-n  tube,  KC  3656.  is  a 
new  ]  2-LrKh  edeetroatalic  deikccion  asd 
foeiu  CRT  Willi  a  new  «teCI/Oii  £un. 
TFic  rfrdiOR  Sim  dcsijjn  rcpntwals  n 
itiijoi  bre-akthroa-jh  This-  design  pro- 
viduh  iacrc-j«d  siting  ip«J  and  -ip- 
niflc-amty  /educed  deflection  defacLtsm^ 


pv^r  Che  eniinc  pwEuI  screen  area.  Dy- 
ntsmic  or  programmed  correction  n  not 
required  to  compenuce  defacmjn^  m 
asRigmaiiMn  rciuliLns  frocn  -dcflcclinp, 
"Ibis  lube  is  Ibe  nesult  cf  csten&ive 
r?^e;iTch  *nd  development  which  pro¬ 
duced  new  departures,  in  deflection 
structure  and  cleccraat  gun  design.  Thcr 
drti^ll  changes  have  improved  Rhc  com¬ 
patibility  betwipen  (he  benen  ge ncracion 
□.ru!  beam  deflection  functions. 


WQM-VS  LEA  DWG  MAlWFA€TUkER 

QF  TL/flET 


FAIRCHILD 


DU  MQNT  ELECTRON  TUBES 


CLIFTON.  N  J 


CRT 

DESPLAY  SYSTEM 
BUILDING  BLOCKS 


*  CUT  ANC  CD.  I.  MMJNT5 

*  SAWTOOTH  GthiCRAYORS 

*  REFLECTION  AUlPtIFIEflS 

*  DYNAMIC  FOCUS  AMRLEFliERfj 

*  dynamic  focus  <3CMtRArofis 

#■  LINEAFNTY  CQHflECTTlOW  CINOLfirS 

*  VIDEO  AMPlIFIEftS 

*  BLANKING  AMP!  lr  IF  TS 

■  PHOSPhOh  pk&tIctiOn  gijkuits 

*  STATIC  FOCUS  AEGW!  ATOflS 

■  AND  MORL 

Vital  itE  at  the  SID  short, 
Hcislnn,  October  IS.  19,  20 


Beta 

instrument 

Corporation 


3T7  Ft[.iyr  £T..  NUWSOU  UPPEH  FALLS 
MASSACHUSETTS  /  TEL,  SIT  -  Wd-fiSto 


Lx  .i-:i,i:>l  ,ii:-li-  h>  tube  iypes  d  iFFrr|ai|i  emly 
in  tru  j  I  cii.n.irfraisIlL--. 

The  iinplDsdon  proteetkin  system  is  tflin- 
3  wised  essentially  of  si  ciii-cnl  rim  hand 
■ind  d  Altfl  Eftoton  Heap.  Tlh1  tfietaE  rim 
li-'anJ,  suitably  mn-snl  1,0  fill;  ruugly  mscnjFhl 
tfm  periphery  >jf  the  Lube  Encc,  is  qpOZ}1 
bunded  to  the  slais.  A  ilt'L’t  lensKiiL  -,l  rap 
is  then  jwestre.ssed  tightly  ovi-r  iSn-  rim 
EkidiL  And  m«+LHibli;-ul!y  cijnefcril  ki  pl-suc* 
to  ii : jui i  il.i  iii  a  M-sjili  ml  fcRMkM  in  llie  syAetYi. 
TTw  lEiia : i -1  i 1 1 brockets  ure  |  tori  tinned  hi 
dint  lilt  tube  ran  be  mod  hrkTcli.ogei 
iibly  v-  j 1 1 1  tubes,  nsing  altr-mnLIvir  u-ii  pLc'itifin 
protect!  cm,  iwtt  «s  ibt  filled  rtol"  SjfMc™- 

emit  R”-'r  Si..u>  Gird  Ha  M 

Puftabis  JIe  tic.  CtHiElto  CbambEr 

■Magnetic  Shield  DJv.,  PriF-rrHirwi  Mica 
Go-,  fihU-rtfBri,  ijJfrt-s  Htf  pofltblti  Hrtlc/Cfr- 
Jietfe  shielded-  chamber  foe  perfonoaiiti! 
test  evnhiutkin  ivf  mnKneEk'ally-.seiiiithe 
cmijHMkTil a  ur  small.  systems  where  un¬ 
avoidable  mugnetke  fields,  nrw-  paesen(.  The 
dual  ccD  liojiitnu  *-fksltiiw  teiinpofkyilb  w 

FPlflJI  xystciin  friani  ii  iiliHH  iir  i  nugnetic  fields 

duririR  yerformanee  testing,  .is-i-nrim;  ac- 
nintt!  oval  lulhwi.  The  col]  measures:  00  in, 
cube  Inside.  fan  2-1  En.  iSJ  in.  shielded 
hlnjji'd  d« ir  with  sprliifl  lfiK-N,  and  Iwn- 
Ablddtd  onblc  cftlrieS  it  fMY.  Chill  scpirftlf- 
E . la  i ■ :  i ■ . ■  <>Hy-.|iM,.lKi|'.  HaHlstX  of  NirEic  53-5 
oilier  layer  for  disevting  higher  level  eii.il-> 
tlcElc  fields,  and  Cn->'etlc  A  A  Inner  l.iyr-r 
far  maximum  atlerukaHiwi  dF  luw  hrve-t  Fii-Uls. 

Both  mltrfal*  *f-s  ittatv«iy  maMbad 
sfji.'.ilivf .  I'H^i-nrti.'Mi'flr  iiihl  do  net  resrufro 
IPeFiodif  nnntulinK.  I’t'Jjwr  sink  in  s  .uid  nile* 
Q.Ud(C>  CuiMXjrt  Fs  pFIAldod  ty  -a  liKbtwe^bL 
?j  in  nbinilnum  hi.ir  iIhh'L  fniinr.  for  rcnii- 
ptrie  tbiddhi*  ofltirinuity  -^bo*  ilo«  k 
lilt  CivNeUe  layer  cn.trl,i]ix  tlw 
fairwr  lipoid  syiLenn.  for  easy  partabibtyi 
ItKir  iroDvonlcrTtly’locatodi  hm^iLloi  are  jiro- 
sided. 


CiieJi  HtiMr  Sinr,r«  HaiJ  |4 

Adaptive-  Spectrum  Analyzer 

i‘,edurai  ScwikiJic  Curp-. ,  Nru'  Yurb,  aO- 
iiiyntm'i  prndurliDn  of  Llx  Model  Kl 
UbtquilDiisrM  Sprc-lnim.  Annlyufr  Fnr  Dn- 
line  list  dyTiinnfic  sl|£iink.  fijicwb.  vi- 

irfinsoii,  dutt-V,  and  otlk-r  (humaiM  with 
ipotlrA  lire  nrum^  tlie  fields 
of  aiqdioaEiun.  Tlie  eninipleto  I'liaraeicri mil¬ 
lion  of  a  si  filial  vihiwr  xprdral  canposi- 
linn  varied  rapidly  li  noooenpldiilx.rF  with 
L-mursi-  I  i  in jiij-ML-;,  ri-vj  il.ti.4on  *nd  IWIliy  ii  i- 
ilrivnidenl  oJ’.tvrn.flLkH-is  per  saeOTinl.  h-  00i»- 
i  r.iNP.  :i  ;i|^nal  velicov  siiodral  chMrac1eri^.lrt 
are  stuEicniarF'  is  otxiifiielely  e-linr.uEerini! 
ihnHiidi  die  ibHr-  ni  T i i -. i -  iteqik^ru.-y  :  i-voln- 
tion  and  fesv  nii-.niii’t-iii- .  jit  --  jtri 

I  1^-  Mih.Ii-1  FS£I  ■.ycillir-.i.rj.h  Il’i.tHKI  irKh" 
I'h'i:p  li  ril,  freq'M'iKy  resululiun  elr  mewta  per 
tvcuikI  vvli'i-ri1  fre^pioix^'-LiiriJ  -. I ; .--1  r i F > n !  i i h> 
can  lx1  iiUnciiCod  In  ncconUnc-r  uilb  <Lf iuI 
dynamlo-,.  Sbl&T-nl  rr.ilutiS  ilX-ludir:  mln- 
pudr  MUHnu  dipuw  fmpieFX-y 
aiuly^iii  over  8^0  Kjc  rriai^c;  buudMidlb 
v.iri.Lblc  from  Z5-4CW  Elz;  dyrramic  ranges 
So  W>  db,  abtlLiy  Ed  capture  transient-:  in 
jji  bitomal  in  cm  nay  For  nrmlysb,  and  ;il.iy- 
bjA‘l(i  i.vj'itlim.il  dJutljl  ruAjiut,  flir  iHOCI  k 
nil  udld-^tC,  lifts  %  frlHit  ptod, 

■md  Bflwcf  cWSvi'HpUOn  IxTS-vr. 

tlrrn  iud! f  S*J1W«  tfrt  Kd.  «. 


-*1  25G  sFibus 
■  sihort-waY-  tiuno  learcin 
■i  3.1  SECflnfl  avEraifE  time 

*  ±  .DOGS'1  slide  locating  accuracy 

CRT  overlays  S  Bridling  systems 
Production  control  Edj-cati-anal  tv 
Dispatqti  Ing  {  £ur^  ilfanoE1 


MAST  DEVELOPMENT 
COMPANY 


DAV^NPQfif,  JOWA  *  PJtore  31^323-9725 

r^  r4  *wd«!  Jmcr  (w>4  Hi-  It 


il/Kl/ridus  and  carefree 
in  tha  heart  of 
BZVSRir  HILL S  .+ 

110  D'-lraclivi 
riwiH,  p*F<- 
h^MM-  HiikF 
with  TV  afrd 
■ladib  lurmMl 
I&4  hawItTyJ 
Ffpmn  ri|^i 
iwimlaih^  p+d 

U  I  ,  e  ri.  l-  l  diiing 
In  rtw 

CAFE  CAHlTtit* 

Canlinic-ril  nl 
Hnvor  !■ 

LR.rh-.ED  ord 
|tyl,rfl.  OHM 
STFPl  *WJ,T 

mgw  the 
FAHlUVI 
ELVER  LT  HIU1 
JHOPPIMO 
AHA. 

*  Lit  mjTH 


THE  BEVERLY  CARLTON 

faOO  w,  qrynptc  Bird.,  Bvnr\y  Hilli 
lmirlypv  HUnffift 


F«  Hdh  -YDlicna 

I.  J+-w  TflA,  i'Ln  rn  2-5*0 Q 

lift  CHI W  St«l+  i  S?JS 


Ciitlf  tkN  Ri>.  U 


Cimta  Hucbr  5*™ ci  Cut  Hp  U 
INFORMATION  DIS#LAVr  SEPrEVBER--OC!OEE^  l?*S 


Tfansierii  ff««d/ftepf*dutn 
Evain  Au«ociEitcs  Ik  rki'ley,  Calif, r  ha>  sn- 
rnKkinyl  i1>.  Mndel  -K-I  H-  tr,iTi5L<TiE  rt-eonter/re1 
pirotlucer,  i^'hicb  will  retard  riiijtle-  ErnruLent 
H-vi-nls,  oc  stTiT.tr-d  Lnh-rsvils  of  canluikioui' 
aiicilogii^  >. I ,i t . i .  Inpnl  nigniils,  niti^iiif  rriun 

j-iiSi-iiiillihi-HTii  k!  ■: k'l y,  ri  Eu  iiiiniiEr  -.  i!.n:.i!  ih  . 

j,rf  vapi'pled.  >SifmlP  unil  are  avndabk  aE 
any  xub««i'JcniL  lime  ilcsind.  Hit  bnxk 
Slisdel  reprodnuiM!  259  si^ire-nEijJ  ibla 
g>0diiJ»  Id  tiini ^  .Hi  a  pritvUirm  For  ix  lilinn: 
■jui.  In  pialptir  fmtiiixih  w  40ilG  awklt- 
Ekiii.iI  pOinlx, 

Tho  reproduce  mcxle  lx  nan>d«MmcEL'sv!; 
r-DmeqoeiiJlIy,.  Lhe  sjrxfd  signal  may  he 
krjRj-ibrralerf  DDfitiiiLinuELy  ij  &  r-cpHSIJye- 

ttaveforot.  Ollitr  f«otur«s  i^wfdki  ut 
aaLoinnLie  xYnoOtliiiUI  ihi  DuEpul,  a  raniwe- 
linn  fra1  Dumpulef  iKrajjrunnnrvi;,  wd  pi»nS> 
hy-polot  iii1h-rrun,i1iim.  A|":!n  .:tinnv  riidude 
nukhitf  ffiiulrr  arulyM^  of  l.ivr  aib.1  sliiw 
llwfulT,  rtMnfertiOftp'l  -OnMlk- 

MTU^es  in  dbylayx  m[iiirinR;  kEonjE|L,l  ami 
recoverins  etujfwPj  anct'MiEy  waveEcmi.c. 

c-  r'*  he  iv 

Digital  Shaft  Encorfer 

A  dr^ilal  diafl  encwUi  fealuripj;  uru-nal 
■w*l>rraln:ci  betuftcen.  rncattirff  LransaTkiHer 
and  dij^ktal  icadmtE  has  tafrn  nnnuiincefl 
by  TliHa  trail  rxcoibrnE  CVw|v. .  SLtifdl*  BoiwG. 
N,  J.  Up  lo  J  Q ,00(i  fed  HMHffilM  vrill  itst 
affect  riLlirr  life  <jc  perfem nance,  Tlkrta 
stntch  Snell  clii^iiiueis  ■■vonli.l  result  in  bncdi. 
bnm>up  in  DonvcntiHinL  xyxEemx  due-  to 
die-  cnpaeUkve-  ditchargpe  frciin  liiEr-Ei-n^iiHe-f- 

obta¬ 
in  if  Srrfti  10  encudcT  ih"f]|  dirdtly  drive 
-hH.ihiic.J  j i  j  j.  1 1  l  5  jj|Ha  mJ  Fcmknitx  aird  printer* 
without  ilic  Heed  f'ir  dlher  code  cutivvr*iun 

QT  liiflin-c  pnwi-r  . ■ : : ■  ^ ■  I  ■  I' i ■  n c M^i i s  F  iiv.kirj; 

-tflifhkiiHwi  m  mn  makyi-lo-dEf^tal  ctnive-rirr, 
(lx  CTHi>dili|f  QribBB  ic  navel  I.h t  rn  -c  if 
intL'ifucev  viilli  readouts  and  printers  rallw  r 
tl^in  dijril.il  conipnterx.  Spedfieaticaoi  art! 
spi-t-d,  1500r|Hii  inlemidEE^nE  and  1 1300  rycii. 

OTICktlllnlOkldE;  aTC-ilXary  :unl  Ridkt|4fi^  I  jxiif 

Hi  L&flMt  ud  UFo,  £5  mdlllon  ceVQliftknt 


C.iHk  bob  CM  Ra  W 

RandDn-Accezs  PlojectuY  SystEir: 


SfitndltT  A  Snuppc  In*,  Gl^Eali;,  OEjE. 
•uuMUHria  (lie  LiitrOdmitori  of  A  tffi-*lkkr 
^JJarity  iwaiecTor  sysEem  capable-  af  Liim- 
rdvte  xa m: I c<i i ' acoeis  .slkle  selactlan.  cm  lied 

INFOBAUTlON  DlfTLAV,  it  H  I  A'HI  H/EKfQBtH,  I  (ftH, 


ibe  -belmlnikliilr. 

Two  Select  roil  ide  4ft*  elcC- 

triDally  coupled  1u  a  >teCkdly-de?-i|^!i;d 

L-CiTliEij  i,  fi  0.41*1  r  ■  &>th  | '  PJ j  L'C'tOTi  fdClJS  IK1 

<bt-  WiVie  Streep  \  either  front  dt  war  pTO- 
priKi-idiriH  a  Fatal  oF  192  slktes. 
bandeen  ketec-timi  and  profeetkm  of  ud 
slkJes.  as  well  a<  FocitS  ndiuStirtrirf  mid 
on /stand  by  SwItdhlPS  of  botla  -pauiectufy, 
M  RttOtnphishnl  by  the  remDte  central 
CUftStile, 

Crtw  REifH-  iiiMHi  ■land  Me-  'i  I 

Micromln  Pushbutton  ^itkhes 


A  aivw-  line-  «F  rn  aero- min  tat  UR-  ptidb- 

lmtriifl  n.-:,ir.'  iivuc-hrs.  Ii.iS  hnmi  UhnOi-iiml 
by  Ju.jiijo  Ceri>.r  Burh.iDlc,  C.ilif.,  nkLnf.if«(s 
(wm  nf  rntnry  nrvl  .vuknoiit  OJteroCed 
^,'sldltSi.  t'vuturlaiK  prinled-ecreuil  cenitnie- 
liOrt  Hnd.  eistierrae  cose  of  apr-nAttai,  tbik 
latest  Juuco  piwlLlKiHcin  notary  Trtilcb  M 
derijBTH-41  ta  intH  mrj  exceed  flic-  enviroQ- 
mctital  n^uiEritfWHtx  of  MIL-S-22J1G. 

CUfld  the  ‘‘IS 0a ec- Saver-  puchhutl-nn  re,- 
tusy  switch,  it  lx  nctuatHTsL  by  rtejmesslng  th<- 
bufton.  cxn  the-  front  oE  thn-  <>Ajl:.-]i.  A  w4iu 
itaw  lx  paoviftaL  Foe  readout  wbFIe 

dlfdM  rwi  a  hl:iL-t  I WG|Lr.nnid  irvdime  svrikli 
pcKUkiiras.  'fli^  svritdi  lx  u^viil-ibli"  m  9>  I0‘, 
■or  IS  fUSltGOux  In  all  kEnrabnl  ondirs. 
Mooliuaiicsd  nnd  ebectrieal  liF-e  L’harnoter- 
i'Efc*  are  said  to  liavr-  cvip.iFnlitirs  of  t  CM  j  .CM  XI 
rer'DfutBans.  Electrical  e*Hi«  CrSieim  3  Airtjrt 
cantLmwuM,  nlttt  ami  braulrj  G.E25  •amp* 
Ti-hktivr-,  ami  liOx  oai  initiol  carduct  re 
*is^fir1^ll,  of  0,003  ohms  maxiranm.  The 
jw-iEdi  DiurmjECi  I  .fKO  s  1 .020  i  D  !J5&  a-lclir. 
Weight  ls  1  ni:nee  rn tirftfcniLIH . 

Encia  Kihdir  bntH  UNaU 

Panel 

Ideal  ]^es.'iiioiii  Meter  Cd.  Eric.,  1  !■  r i ;■:■!■: I n, 
N  Y.,,  offers  itx  line  of  panel  raeterx.  incbid> 
ii'.h  ,i  Mrii's  of  c-i til 1 1  sizes  oE  c-hfnrj^;  mebrjs 
ineaxuriitft  from  IS  In,  la  7  In.  TTm-  nii-h-rv 
fe-aturc  "vislan-depth-  diylkig;  fur  linii-Hmi- 
til  heaiiEy;  nn-la-rlm  sealrx  f«  i-asi-r,  aikore 
.IC^-urute  3-:-.L:!  iiii.;t  inn!  rniisod  coottntcttao 

of  bl^L-inSjUd  llii-nnrjrjdahUc  ri|.itcriill 

Tbinpcs-  (if  llie  meters  -arc  for  nil  xtund- 
;i»sl  dc  types  -arxi  uc  ructifser  tj.p«.  Other 
series  type*,  which  arc  nvail-ibhi  inelude  a 
ihw  Kmup  of  IraiK-iseale-  -f  Liieh  paikcl  iim,'- 
Lerx  wbidi  hns-e  250'  arc  scutes. 

tnsif  F-t+j,.  Utwkm  iff  to.  U 


G  ig.  tar  REaduuts 

Tunjj-Snl  Electric  Era..,  Krw.iEk,  N.J.. 
bus  Inlmriiur-rd  single  ek^Lt  plVilIiXiI  -t  i-nc-la 

tapthlff  of  mriwrsi.nl Liijt  21  stafttbftl  nlpliA- 
Tuankcflc  ebBinctafi.  in  a  seven  sei^Fiwnied 
Imr  neliun.  ^pn|<le  sli^ih  are  slockt-el 

Iuf$cl]ier  to  furni  desirad  ward  leriKth  dhL 
nre  held  in  jiEare  by  a  k^hlttrayFil  fram#- 
whieh  ntsn-  se-rves  nx  a  JibrxuilLii^  Fif:n  Il-:e 
Mlolntbri;  (HL-:i:n^-hi  I-I  !  I.i:ii]:x  ^  *po.1*lr 
ly-stl''rFe<l  lUlit  pipe  scxiiheirix  achieve, 
reports  Tniijs-iiv'i.  the  I  i^liexl  praelieaL  bail- 
hmee  in  Ebe  industry  1500  ft.-LnodwrEs 
nun.).  TTw:  unrls  are  Et-porir-d  Hr  Ir-ature 
l.yf  '.hihi  anfcli-  h  :i--.v.i:.:.  cu.yjl^ililr  uurfnce 
Tefleeticnis.  asid  unetaiuctcd  in-plnne,  in¬ 
line  poeseiriutkin. 

The-  units  an-  repnrtis)  tn  he-  pa  rf  lets  In  sly 
suitable-  for  s4-flkl-cfwnlnclea'  <lfLTiLEiy  ami 
sinrihrlta  inlktHbu  bscUMr  oF  Ihehr  hrrt 
VdlllJta  renjii-ireiEierriTii  *iimi1S  size,  li^ht 
weinlit,  und  ruse  of  niuintenmaoe.  Electrical 
TtMiuimncntx  are  -1  v  ic/de  and  D.CTTYi  .imp/ 
lamp  f  ft  LLiTsps.'rElii|k1  The  rrad'Wits  Iiavc 
bferi  ttalpmd  and  to  mfiilirffirtd  the 

icH'jsilj'ni'in'its  of  M  Cl  .-K-54tXJ,  aetonlinK;  to 
Tuf-Sol. 

GnUi  Rftkiar  Zunw  Cud  w 

Radar  Record  n^~  System 

Pn-dsiciu  lnstnimeot  Cu.,  P-ilri  A I  (fRr  C+llf,, 
if  TnarkiifartuEiop  :1cmE  =im  iMlns  Hfl  HW 
Pl-TtflO  FUt'-Ur  R«Ofd[Ti|i  Sy stein,  llie  sys¬ 
tem  (causfstlnK  of  a  IM^TStlO  briKidboDd 
vuk'o  and  hist rumcnrlat ion  cn.ijjm-lir  tape 
reerwder  .ind  n  nulor  Jn1f-irai;->i-  iwHipler)  Ls 
rnpahli-  of  weofdtop  up  to  &!f  midHtOs  irf 
i-eu  iiiimsui  nr  bttafDTiHlMt  mbar  iLi  lu  rm  n 
ItlS  Inch,  red  ir-onialrilofr  -TWO  feet  df  I -Inch 

vLdeo  t*pr,  UTiUttg  the  PI-TItth.  it  b 

possible  to  recant  complete-  21  >  mdur  £n- 
FnrmntLon.  JncliaiflpE  sJpjj.lo  iyiKhto 

JnFormfltUyii  tHid  eoniiJOrile  vide*  ■  ii;iGil  com- 
IXPed  of  rwl-u  vid>ca  riiued  Lri^nei  video 
hvinh-L-iLli  of  4.0  Me.  The  arclesioa  uzinkiilh 
infannntian  u  seeardrd  an  one  auxiliary 
1  r;.-.-k  Ed  provide  an  ntHoluCr  prslttou  A 
scoqnd  aujiltary  Imcfc  it  Avalkbl^  fff  vtAt* 
■BBDMttotk 

Vport  playback,  the  interface  equipment 
csErucEs  pulscx  from  ibc  romposik-  vtdeo, 
triqfiiT  signals  fur  Eta-  PPE  and  synchro 
pm-itlofi  tnfbasiLilinn  fiw  fh^  PF1  ARjtotiLll 
wrvnt  Some  pf  tin-  broader  flpplicflbcm* 
fiW  llie  Fysf-Cnn  inH.  kn.lf  iilnylxidc  of  wealher 
niipiniFlhin,  detalli'd  ncraly.dx  nf  IliKlic  fur- 
innrionx  and  liainirm  Ttac  Mop-scuii  and 
vaii-scun  features  oF  Ibi-  sj-istenk  provide 
fne  tatS  E?"®1  nnaLysls  <if  fwikrii  M 

vrell  .is  VAriRfile  s pms.1  phtyboci  hi  hrfli 
•dlsTttiOAT, 

Clnli  **Khi  Mi  did  to.  K 

Fa-iter  Generator 

CTl.fTl,  MhI.w.iIi,  S',  Jv  4iii>HhirM.Ts  Elw 

:ivj.ll.il:dli1v  ii#w  rtiltT  i^eueTalor  *te- 

*if£iird  pnrtici.iliijly  icn-  CEL, CO  deflciHiicKn 
yofce  nmpliflrrx.  Tbe  Irastnune-nE  is  rack 
mounted!  nodi  ennosts  of  Iwn  r.mip  ^H-Kraa- 
ters  biased  4  5  v  alsrurf  jipmiiM]  with  ^na- 
tLiucmidy  varirtble  cofriid.  Eas4i  hnx  four 
OVoHajWibiK  yweep  period  rnn.i;cx  yrovidiiiK 
eoutiiiuDux  udiurtmenC  from  20  ruiero seconds 
En  9QC  nkillisecondx  Riuiers  with  a  wiiEe 
range  of  frequencies  -pan  ?h-  qiklc-kly  db- 

pluyrd.  Tbe  on||  toWOlH  19  da.  by  IH  hi. 

by  15  Ih-  a  ml  mtab  [ti  ]bi, 

Ctnii  v++jn  s*«w.+  he  % 

;rntn.JHi  fr  ] 

it 


to 


How  can  you  get  the  most 
squint -proof  detail 
on  closed -circuit  TV? 


UiVtlfcucl^iS  &.  ‘i:i!n  ~il  ir^r.ilrw  wlin 


Granger  Associates 
has  the  answer 


Granger 

Associates 


now 


■Gi'A's  new  hiRh-rewlul  ion  TV  system  lets  you  read  a  Fetter  or  digit 
occupying  only  I  .Ft  5.000  of  in*  pidvrs  area.  You  can  view  broad? 

SC*ne§  —  like  a  situation  display,  an  airport  runway,  or  a  bank  of 
pane-l  rrre-tc-rs  —  and  see  all  the  critical  delaSls.  Of  you  can  pvt  an  entire  leller- 
s\ze  docdmenl  on  the  sc SrKi  resd  any  part.  Series  Y1QOO  TV  systems  use 
at  many  as  1 225  seining  lines  and  u  viQteo  ban*rfdth 

to  produce  pictures  with  lour  times  the  c clarity pfconventcoriai 
&25-line..  B  Me  system?.  GetintojcTi  witfi  T~j  QfA  for  the  most  advanced 
clcc&ed-circiiil  TV  systems  ^vaiF^ble  any-  \  39  where  loti-ay- 


*'  *<*-*  ■  arn*mrtM,rt 


66D1  Californki  Av-^,  P.Slp  AIW.O.ii,rgrhi?  {  T«lep*>ne-m-4l7  5f  Tm<r$lfr3r3-]2g3 
Granger  Assoc -acre  Ltd  ,  fos  Oak  IFiall,  Seven  Hilts  Hoad.  WafHwv*rhTnarn*$,  Surrey. 
El.^li*l/W*fb,idgi<l4B4?  **.€*»«.  ut 


BROWSE/  or  (l^M-jwnrijug  lln;  uppra- 
l^iiixLi1  BROWSE  k\iii1kiI. 

'Jlif  svstnn  re.vfKinth  in  thr  F®OW5F. 
en[nnim*d  with 

INPUT  ATTRIBUTES  WANTED 
Tlii*  is  the  maehi[ji<,,4  W.LV  asking 

whetlwr  die  user  vvtslin  l*>  have  ebs- 

playrct  thr  title  of  iV  article,  the  author, 
the  hides  turn,  or  the  compleLe  ab¬ 
stract,  If  Ik  JiwmlT  know  wll.Lt  c/hoir-ei 
Ik  Hiia,  lu.1  tvp«.T 

nsr  attrcputes 

and  llw  system  iwfeponds  irith 

ALPHA 

COUP- AUTHOR 

AUTHOR 

CONTRACT 

KTERVt 

DIVISION 

DATE 

TITLE 

ABSTRACT 

‘END 

Em  Eliis-  insUiiitX!,  the  user  '.vLtlm  Id 
siv  ..ill  aviufahlr  ii':li-!!ii.i1ii:>n  ilimI  k»  Ik 
selects-  AH5TRA<n'.  The  syrtem  now 
displays  on  the  scope  all  available  in- 

fannuLLan  uu  imlFi  uf  the  duu)‘iim  ts  ill 
lLhvc  i'!Kliu;j  cithIlt.  'J  hr  licit  almi.icl  lu 
appear  qn  llbr  srttpe  is  of  clfltsiirin&t 
*AD-27GG«2  (Figure  TJ.  Note  that  the 
abstract  is  not  complete  because  of  lack 
uf  PHi'in.  J  lie  rest  cif  tlif  abstniLt  cjei  he 
ohraJtoed  by  IHglu-peunlng.  91k  T:“  clifu- 
luitri. 

Should  an  fcmnwdiiite  pcnnnxKnt  record 
be  wanted,  it  can  be  obtained:  by  the 
omamd 

TYPE  DISPLAY/ 

In  tliis-  mannn  the  ltirr  r;m  bnm'w1 
through  the  entire  -=et  of  51  entries  that 
have  bcttsi  retrieved  in  response  to  his 

rr-ijUrSH  Or  that  Subset  uE  ilix-umurils  th;it 
he  h;u  in  >t  removed]  Ithhu  the  display. 
He  mpy  siive  ju>y  irformu-tion  that  pp- 
pean  for  future  reference-, 

User  SbtiifflCtion 
The  HOLD  infurnLiiliiyn  xbntnige  . i ■  i •: I 
retrir^nl  .jyjdiim  riuhle*  die  user  Co  for- 
mulntc  find  riKNlify  his  requesis.  He  juay 
stii  i  til  llirough  rlit-  store  oE  available 
hrhuiu-Atriiu  lit  cU,  On  the1  »put,  iIl-Ihit- 
mine  which  £ ! ■: i •:  ltinenhc  an:  relevant  unrt 
whirh  are  not-  Af(er  seeing  the  .nhstirflcfs. 
he  efin  ^elemuTK-  and  recna-d  the  rmurtber 
of  tb'iie  doeuiYKrit?  that  he  wMiea  lu 
rfJtl  mi  tlirir  mlirely.  lie  irttetac+S  widi 
the  iyaCem,  . 1 1 :-: 9  when  lie  leav-rs  tl;^  in- 
^iiipy  Elation  hr  |ea^T5  with  the  fedLOg 
that  he  hfl$  obtained  most  ol  the  rele¬ 
vant  material,  that  the  sysceui  Ihif  i n 
store.  Tile  lusjjuiiie  fati  IkKH  r.ipid!,  and 
the  csperieiM.TC-  lias  Isre-Ji  a  satisfying  (yrur. 

R*ferdn*6s 

1.  Bi.imaug.il,  1 1.  P.  LXil.i  B-aii-  ■CIr-ni-i  .st^e* 
far  llir  BOLD  -Sy-Ht-r-in,  .SDC  JJitCTjejritf 
i!  '-r  J  ii-.-;.  (",•}  imj;  j . i  M i -. ; i r >-  nm. 

2  Bumauith,  II.  P.  HetKevaL  Pnifcram  fn: 

I  lie  IVOI.D  SvUt-iii .  SiHC  ^rKhurjenJ  TAJ- 
Jnnmry  UK 

ih^OMMliOtn  ai^p; av,  tSPUMTP/OCTOHH,  Itt* 


Thin  is  SylV.aniu’s  new  1 9-iflch  SC-444H-.  It  gives  you  high 
rcsolmiori  and  brightress—evert  at  a  vi.  ritin.Lj  mi?  ijf  1 ,000,000 
incfr^co. 

This  tube  U:vts  due  spiral  nppmach.  For  SUpL-rrur  display 
vviih  meftimuni  patcein  ^isturliion—  -and  william  ccymplicatcd 

rirtuLlry. 

Th?  hclic-aE  reirslan^e-  coating  inside  the  spiral  tube  allows 
roc  etc  rati- ft#  voltage  to  be  uniformly  increjiied  dkn.g  Lhe 
lenglh  Ot  Lbe  bulb  teL-Ween  dcfeglinn  pllllcs  and  serren.  '1'his 
petmiui  a  liiphcr  laiiu  *>F  flnnJ  anode  votLagc  to  scoorwE  anode 
volra^fi-^  ithQuc  execsirrc  pattern  distonion. 

On  the  SC"  rMr|H,  |  here's.  A  di  ICCl-VicwLd  aEuminiited  screen 


anst  ipirat  p(>st  dcfleclion  .tccdeiatioii.  Deflectiun  pirn?  leads 
are  br^bt  oui  ih rough  the iwclt-to  minim iie  lead  capapi- 
lanHie.  l,Jelleclii?n  and  fncus  nre  elcctroilitrc. 

And  ihere’i  n  special  iieomesiy  corurol  electrode;  Far  masl- 
munn  [Kjiiem  linejrily. 

Fw  newjdcii  in  CRT's,  keep  an  zye  nn  .Syh  .ini  a.  We  iotfOr 
duceJ  low  htuti  pcrtve r  caihstdes  (1,5VK  t140A>,  deciro- 
ilitic  printing  lubes.  p»ti?d  hijli^BOlitnide  CRTs,  prealigned 
Packard  assemblies,  renr-wind&w  i  fr*  display  tubes,- and 
hr  spiml  aceclerator  tube?.  We  can  cvsEonfi’tlesiBn  and  fihri- 
euic  ib?  mcji  sspplii&licited  CRT's  ytm  can  ipeciFy. 

Sytvanlfl  Elecironk;  Components  Group,  SyJ*jsni;i  Fileoiric 
PpodiKts  I  tie.,  Screeu  Era|Js(  New  Yorl:  I3I4S. 


lj r  v  i  r-*-!  I  t 

GENERAL  TELEPHONE  &  ELECTRONICS  UMj 


£■"!«  S4TTlfi  t*-J  He.  ’fl 


■51 


hlhOciftAtlOK  c  irVLAl1,  SEMtiV-MR.-MTOMR.  1544 


Ibabhnf  ii ™ 

Wod-jle-  S«h.£t  Kit 

il.i.ll'lS  l  rllll  S'.IJ-'r-hr  [|K*.,  Nl.'SV  APs;i“i>  _  |sul., 
bat  .lii:kh  :i;j. Til  pcDdurctinn  oJ  Lb  "Maku- 
Ur-Own"  M rn^iklr  SockirL  k;l  in  adkfi- 
IbciIl  (I?  (U>  finti't  Ei-gruLir  Ii  ik*>  dJ  iiili-L;r,ili.i.l 
cinctiLl  ■-!:■. -Lh: I  Fabricnled  m;<l  ctidIlW.  (r.ni- 
iLfttrr  wK-krtv..  mjiiiaLiurc-  pan  cii'jitntrlj,  cn- 
iti.i!  ffthlr  \[:-!ln--.  and  rriha-r  products.  The 
k:l  jh  ft-pttftoij  hi  br  .in  rcmiamiciiE  unit 
of  (I*  *-!cii*.-nli  nw^ssary  la 
wyrk  up  -x  iiiitOfll  ^!K-k«  fiawenkldy  for 
hilwnlQO',  prototype  Or  (rating;  ApplfcttlfoiM. 

E'"Slt  C-l-V  Via  M 

PrinCiRB  Mactiine 

F-j.hh-.riL  .M .nk :ii;~  Sl.ichiiiiA  Crap.,  I-:  mil 
I'ark.  J  _ J -V.V-,  aaunuras  Ibr  availability 
Hif  ijv  \rm.|i.-l  HQ/4X  !ii:'b-.h|>Ti!  ni.uiinu1 
k.x  pdhlirv  flat  w  slfsMly  l«rgu|dr  p*ct- 

JaiL-fi.  Hkcl  jJauril  Otft  a.  -outavclrtjr  HCOtve 
lIic-  imagt1  I  min  ■  at  printing:  euIIet  as-  tiicy 
]ab.'<  i.indtT  the  prlnLiry!  SiinilI.  B-y  Irni^po- 
ir>.Lj  t h >. -  >!■. uvi  lower  roller?,  1]ie  nudiiiw  may 
iw-  nirvL’rrtn3  til  direct  printing.  i'lmting 
width  L  £  jncfi»,.  and.  production  r.ite  i.- 
hH'AVi-n.  iLfnI  fiOEH?  iiii.U  ;h-f  hour.  Jti1- 

Uvru-  r>J-H-  i:i  ■ 1 1  i .1 .  ii  ■  I1  . i '.  |jln<iK-ll-r.Y\HI^-, 

hv  utHfori  *#1li  th*  dry  cF&et  mctbnd 
nrinLinijt 

£ird*  Mu fji'  i ■  rY.zi  tinl  ■+:  in 

Cjiibfitur  &  Voltmeter 

Hallajitinr  [,al»rjkl<in<-<  Inc.,  Ik^nlun, 
\.J.,  □nnoimee^  llu-  availability  oF  ils  M  adi ! 
■12 1 A  ac/dc  high  vnk.iHf-  ■calibrator  wUli 
jsucuhnl  hEmlr-L  S42I  rrew  compiilr*,  df- 

jdffTl^l  Jiruii.i  ■  ity  fin  (Fir  i.-JildljUtl  irm  -flri.-- 
1je-ilS.li-  h-nJlciirfm  :i!iil  im,  i  III  iw.xi|,H-h.  ]!■■!'  m- 


line  rt-vtI  s  tkatf  any  desired  jc  ikt  <k' 
M£i|f6(Er  be  »H,  ■rtdth  llirw  knutn,  V? 

an  ICCunHcy  of  D.LS5  Ed  110  v,  ;inti  OJS 

at  IIEOyt. 

Twin  new  voltmeter:  ruecnlly  uiErr^HucinJ 
by  ballanlino  ate  it.-,  Mmirl  -lia,  a  true 
nna  nil  Mhlid-'t.iti-  unil  eapnblr-  dJ  ejK-r.Llirra 
(rr-Jir  a  srlE-twilaieiril  pedur^jUl  E^ith  ry 
■Of  freen  n  1E5, '230  v,  HMOO  ]i^  power 
'Hiurre  baeinK  n  frequerney  IkumI  of  Frern 
ID  hz  Id  20  Mliz;  bncL  11.;  Model 
reeli.TJ'.Keahl^  biMffjy  or  sj^ihf  pow-cr 

dm  323  bti<  hevlrijf  a  felfWiiV  lrtnd 

oS  friHYi  i  K..-  lo  G  MFi^. 

Cedi  ftul*r  Jin.:i  FWfl. 

Xenon  t  Mercury  Arg  Lamps 

llturnuuiEKiiL  Ei-kIii-heh-^.  [ilt-.,  Sn  niiyvilij. 
Qtlid.,  nifEers-  ils  iTfilplatfi  flor  of  afimn  l 1 1 •: I 
,:ik-rc-ii!y  diorlvLrr  lanYps  ^nd  aj^HTuisriiitL1 
powi-r  siiipplin.  AIL  Aflim-liiLe  lai^L^f  ncu 
Fior  dc-  o[y-jallrHi  >uil3  LdcIwIc  £■  aid  3- 
ekaiiiwJi-  medufc  ftw  35,  75  nrxi  ISO  -wiitt* 
wUh  a  3-rlrrtrixlc  inndet  only  iof  3W-writt 
dfpaavnea. 

The  nwn-vry  J ififl-wc  liimpa,  include  Uw 
iDlluu-'iriK  yirtiutii:  100  w.itlh,  2  and  0  cl«.-- 
trodc*  Idi  do  iqiepuliOt^i  JLOO  woJEi^.  J  nr  3 
i-h'ctrcde?,  Eur  nc/ile  Dik^aliO-hj  waLis, 
2  electrode  do  etH-fhtlO*':  *nd,  SdO  waMs, 
4  -ife  CVntlcflL  A  wide  assert ^ 

nH-nJ  d£  pnwiet'  ^ipplies-  viliidi  nre  avail¬ 
able  include  C’A-35  Fer  acnon  Union  wf 
&  A-aHi  and  iuk;  CA-7&m  F,,c  TS- 
wnCt  ai'-nno  And  100  wstt  HAi“ricHjryi  CA* 
I, SO  Ew  1-50- watt  .c^nni  jnd  -TA-iOO  for 
200-watt  iiii-retiry. 

Artfi  P i  j  :+■  -ShiLh  (Vj  K+  l£‘l 


new  literature 


D&cim^l-Vi-sual  Tr^nsEatof 

S-lic-dj-  AjL«nciales,  El  Si-iiumki,  L'.iliE.. 

BitllHin  6&-4MIF,  deKa-Jbln^  Ibp  new 

TR-I®  DtdteiAl  1o  Viai*l  Tbjidjii«(  ■ 

hiidi-tclinLUity  iiiudulo  T«r  Irai^l.iEhiK  ■  J ■  ■  >.- >  - 
iimI  c«U-  kntn  nmiralely  cnct^ized  w-ven- 
bar  display  w-unetiN. 

CJrdi  Kuf#f  tinld  Ginj  * i.  JlJf 

indicator  Lighfc 

Diulitdil  CtifiK,  Hro.dlyii,  N,V.(  oFFvrS- 
a  15'jinse,  hilly -illusiTaled  cnEnlos;  w’ilcIi 
prescnL*  a  wide  anay  gF  miTiialure  and  I  iTpe 
Indicntpr  Iie;I'.1  ( nLiny  of  whlr-b  mrt't  -nr 
w«d  dH  nqubnMDti  of  M3LL-MS1, 
actotdfoe  to-  the  ffl:i3in.r*LiiiPrr!i  for  uw 
whJi  imn,  ut  incandiboriiE  h:Hit  iciiTcei-, 
Also  included  lire  Enmper-pnx»f  opc-n -tjpi1 
jjucinbliH  nr#rL  Ir-ns  Chips  for  pcuieE  high  ii;i  n^. 

Ctw’i-ml  in  dn-  nit.ilun  .in-  indk  .icor  light; 
for  wica-itiUBB  in  #/33v  7/lfl^.  11/ Id  anti  1  in, 
clearUrtec  Itolcv  -  rtdi  fully  dbLiuneiitcd 
with  t!  U,i,  ninEcriah  and  lini'shes,  nml  cnln> 
Infl  nikmibr-T  eli.irU  bn  ;LnipriEy  nrlrctinn  and 
pmc-nre«n«it.  Jlni-ir.ii'npi-il  -nr  e-n^ra wr-d  kg- 
t^ds-  *rtr  i^aJHatb  wdls  nn^y  serfrt  for 
re-atl-vul  ayplicnELOtri-,  L;nnp  charh  arc  also 
jtfGvidcd,  KfvinE  a  -DLHnpIcte  lisEing  i:*i  the 
appropriate  lamp;  it.:  the  serhi!  ciF  ir^Lka- 
[iTir  ltjlwt-j  in  qtn-YticiM 

C-'Cl*  ^*+Jr,  hrlH*  fo'l  Hfr  LD1 


When  yon  need  the  eye 
quicker  than  the  hand, 
look  to  1MC. 


We're  an  old  hand 
at  flag  indicators. 


Ne  fory'rr  rr.iRnr^ieairy  dc 

E^-lMl,  U5*  jfWflHfd  boarlncs,  bat- 
aonttJ  fMors-  i5irt  tflr*  refi#ijif. 

ir  j'lXi  Indiunbo,  r-Eenwe,  nr  Contral. 

Udine  lias  l^diC-PilCy^k  &yfKbfdS,  r«. 
wlw^  SMipooit  or  ioie^iOs  ir*oyJrg 
in  5-lDch  at  1MC  M'-afif'elici-  €df[5., 

Wealcm  Division.  For  quic'<  j  -*u  I  ■.  ■.  w  _  l  circle-  Iftc-  EiIord  unT  nurr^r 
Vnrvicg  contact  the-  AppJlco>  '1 1 1 1  L**a  ^  " 


lions  ■Section  nt  Wnlh^'  Alt., 

Mjr/wacdl,  C.il  le-Gni.iy  ^2f-ClL  Phone- 
m  ?|  M3  4755  or  g  Lg  3?1  3CR^- 
ii  y&j  nei?ci  data  sbwts  To-- 
or  con-Li for  future  D'Ojtcis-. 
Hhriliv  IWC4  Markniiifl  Ckmkm  ol  SVO 
k-Sirs Street.  Wcslbury,  N-Tf.  ll'.&l  or 


Ihe  ictloT  ol  Ihls  .a-:1 
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WANT  A  CHANCE  TO  DISPLAY  YOUR  TALENTS? 


THE  DATA  SYSTEMS  DIVISION1  OF  LITTON  INDUSTRIES 
IS  CURRENTLY  OFFERING  UNIQUE  OPPORTUNITIES  FOP 
INFORMATION  ANp  SYSTEMS  DISPLAY  ENGINiERS 


J 


oooooo 

WHAT  VOUTJ-  DOING 

OOOQ0O 


You  will  be  involved  in  l  he  desrgn  and  devefopment  of  advanced 
miCFOSl&CtrOnic  display  Systems  utilizing  muiliplt  gun  CRT 
techniques.  Your  assignments  will  include-  Systems  design, 
development  ol  overall  specif  ioahons,  an-d  adwanced  circuitry 
and  electronics  to  meet  the  system  requirements.  For  these 
projects  we  need  graduate  engineers  with  experience  in  high 
resolution  calhode  ray  techniques,  storage  lube  display  equip 
merit,  $C3n  COnvertgr  techniques  grid  circuitry  rind  application 
pi  microelectronic  techniques  to  display  equipment. 


WHAT  WE'VE  DONE 


The  Data  $ystemg  Ciyjsion  i$  nolable  for  the  design  and  devel¬ 
opment  of  the  highly  mobile  MTDS  {Marine  Tactical  Cata  Sys¬ 
tem)  and  the  ATDS  (Navy  Airborne  Tactical  Data  System)  for 
the  E2A  aircraft.  We  are  engaged  in  the  following  systems 
work:  air  defense,  air  traffic  control,  command  and  control, 
data  processing  and  display,  reconnaissance,  space  informa¬ 
tion  and  surveillance. 


what  we  re  doing  ndw  Typical  of  current  DSD  projects  ara  these  advancements: 
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LITTON  INDUSTRIES  DATA  SYSTEMS  DIVISION 
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A  HANDY, 
HANDSOME 
BINDER  FOR 

n  ISSUES  OF 

INFORMATION 
DISPLAY 

fa  IwO-yt^r  Supply) 

$4.50 

Nuw  you  can  build  ifi  InTiMriaLlaft  Dl4pJ-IY  reT«nHn-[:4  li- 
tK-bfy  d  “'d  in  Ui-mr-rtNy  Ihues  of  the  Journal  Intact 
in  u  banuHTuI  EOld vinyl  blndsi*-.  ir-oai - 

blc  vice'  rodi  hbkT  A  twd-YMr  supply  Of  ID.  peiTTiining 
t-SIY  «r,try  find  r^mgvjl  withpyrt  ijamng®  la  yaur  eppim. 
Geld  Ifllirins  err  tpf  (jin^iing  Frignt  CPVO-r  provide- 
r«dy  idefiliritation.  R«ifitorc«f  §bll*Rine  tnnousJioLU  and 
dur.ih'c,  casy-to-cfpaii  vinyl  Cdvffidg  rnflh-6  Uhl'S  binder  A 
hartdvama  fldifitian  to  your  office  or  frame  library.  Order 
ygur  binder  today.  Send  check  nr  innaney  arder  to: 


INFORMATION  DISPLAY 

S47  N.  Scpurvedi  Bhd..  Bel  Air,  Us  Angelu.  CtWi.  5004S 


■C  "  *  !*n.-.rJ  Ql.-J  Ha  |  If. 


On  Jill’s  aY.  l!r;lv-fr.-of:K>nrr.  K*r. 


Eldcma  makes  lites 


All  sizes*  shapes  and  colors 


Panel  lites  for  all  purposes 


□  HThis  array  is  just  part  of  the  parade  gl1  ElrJtma  Ntcs 
few  llvJuitry,  which  range  from  Snalrum^tatiOn  panel 
tighlS  and  tes-t  equipment  inmcatoirs  tq  cc™,rr»(:rciq|  pilot 
li&hts  -isnd  computer  dala  readoul  and  display,  n  □  Most 
sfan^ard  type^  are  available  pff-lhe-shelf  If-om  your  tocaf 
Eldema  diEtributo-r.  Out  line  of  pilot  lights  includes  single 


neon  or  incandescent  lamp  type^  and  Complete  assem¬ 
blies  in  corporal  I  ng  transi&t&fil*d  driver  networks. 
□  □Specify  Eftfema.  whete  reliability  comes  in  just  Ibe 
5?ze.  shape  jnd  color  you  need !  Cl  □  Representatives  find 
disfributors  in  principal  cities.  Wrile  or  call  tedfiy  tot 
spcciFicationa  and  quoiai^ons.  □  a 
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